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Not only will the soundness of 
the weld be shown, but the location 
and nature of any hidden defect, 


such as Porosity, Gas Cavities, Slag 





Inclusions, Lack of Fusion, 
Incomplete Penetration, Cracks and 


Undercutting too. Andrex X-Ray 


there are 


and lightweight, and easy to ANDREX PORTABLE X-RAY UNITS 


operate in field or plant 200 & 260 kVp 


examination of welds, castings, 


units are powerful and reliable, rugged 


The 200 kVp Tube Unit weighs only 176 lbs., and penetrates 


assemblies of metals, 2}” steel. 
cihen, clacties endl chat tateaiels. The 260 kVp Tube Unit weighs only 251 lbs., and penetrates 
4° Steel. 
The 200 kVp, 260 kVp, Portable Both Units use the same control unit, and can be operated 


Andrex 130, 130 Automatic, and 160 kVp from any available power supply. 


X-Ray Units are manufactured by 


Holger Andreasen. 


rf 
HOLGER ANDREASEN, Islands Brygge 41, Copenhagen S., Denmark : \ ANDREX 7” 
ie, A ET 


Sole U.K. Distributors: B.I.M. LTD, HANOVER HOUSE, 73 HIGH HOLBORN, LONDON WC! 
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Spinning 
SAVES METAL 
- CUTS TOOL COSTS 





Dished and flanged ends Rotar- 
press spun by Harveys greatly 
facilitate the design and produc- 
tion of Pressure Vessels. They 
combine semi-ellipsoidal form 
with large knuckle radius. A sub- 


stantial reduction in plate thick- 





ness can be effected, and in most 





cases tool costs are eliminated. 


ia a 





‘Rotarprest’ Ends for Pressure Vessels 


can be supplied in Mild, Alloy and Clad 
Steels and Non-ferrous Metals. The capa- 
city of the Rotarpress ranges from 5’ to 15’ 
diameter, and }#" to 4” thickness. Knuckle 
radii and depth may be varied to meet indi- 


vidual requirements. 


Please ask for List No. BWJ 965 giving 


full range of sizes. 





G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD - LONDON, S.E.7. 
Telephone: GREenwich 3232 (22 lines) 
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New VA 





Easily portable (weighs only 40 Ibs. 


Two components: wire feed and wire 


reel assembly 


Wire feed rate adjustable at point of 


welding 


Range of wires for welding aluminium, 


alloy steels, mild steel and copper alloys 


Another welding triumphf 


YS semi-automatic unit 


for inert gas shielded metal arc welding 


Separate control of welding current 
adjustable at point of welding—this 
control panel is built into the rectifier 
as a separate unit 


Interchangeable water or air-cooled guns 


Cylinder mounted on rectifier unit 


Non-electric—all control relays housed in rectifier set 
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for Quasi-Arc! 








\ 
\ 


l 
Available direct from Quasi-Arc Limited and 
also for argon shielded welding in the U.K. from 


their associates British Oxygen Gases Ltd. 





For better welding 


QUASI-ARC 


QUASI-ARC LIMITED BILSTON STAFFORDSHIRE 


and friendly service 
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Humber’s greatest Hawk 
Fine bodywork welded by Saturn-Hivolt 


Surge injector Welding Units 








Notable always for the highest standard of 
bodywork, Humber recently announced their 
greatest ‘Hawk’. In this, as in many previous 
models, Saturn-Hivolt Surge Injector Welding equipment and 
Saturn Argon are used for many of the important welding operations 
Saturn cutting and welding equipment has, for many years, played a big part 
in industry. The new Saturn-Hivolt Argon Arc Welding Machines offer 
the finest welding of aluminium and its alloys and stainless steel. 
Let us show you the complete range supplied 
and maintained from our many branches 


throughout the country. 


SATURN INDUSTRIAL GASES LTD 


Saturn Works, Gordon Road, Southall, Middlesex Phone: Southall 5611 


BRANCHES: 


GLASGOW + BIRMINGHAM + MANCHESTER - SHEFFIELD 





LYMINGTON - SUNDERLAND + THORNABY-ON-TEES 
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700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 
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and money saved! 


eyed 





the B./. G. 


aulomatic 


blowpipe 


By a simple movement of the thumb control, the operator 
eliminates all non-productive use of oxygen and acetylene. A small 
pilot light remains, and reverse action of the thumb control 
re-instates flame without valve adjustment. This saving in botb 
time and money is especially recommended for production 
welding where economy is essential. 

The Automatic Blowpipes, covering the full welding range, 
maintain the high standard of quality associated with all B.1.G, 
Equipment. Descriptive leaflet available. 

If you have a problem B.1.G. technical staff will be 
vleased to help. 


British Industrial Gases Limited 








£541 MOQuioy 


Sales and Technical Assistance available in most areas 
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Opal Electrodes 


Opal - one of a range of DIADEM ELECTRODES, h 
One hund red miles of designed far a tpectiie —itiee application. You can eemeden 


OPAL ELECTRODES 


are being used to weld the reactor pressure vessels of the Hunterston 
Nuclear Power Station in Scotland. . 
Opal electrodes have, in addition, been specified for all ducting and DIADEM a 





steam-raising units. ¢ 

The special notch-tough steel of the great reactor vessels demanded 

electrodes making welds of similar notch-ductility. Exhaustive tests 

proved DIADEM OPAL electrodes most efficient. ELECTRODES 

ONLY Diadem Opal electrodes will be used on site for this project 

over forty tons of them, butt-welding plates three inches thick. 

Have YOU a welding project — large or small? The Nuclear Power Station to be built 

for the South of Scotland Electricity 


COOPER & TURNER LTD. Board at Hunterston by The General 


Electric Co. Ltd. in association with 
MANUFACTURERS OF RIVETS & ARC-WELDING ELECTRODES Simon-Carves Ltd., Motherwell Bridge 


VULCAN WORKS, VULCAN ROAD, SHEFFIELD 9 & Engineering Co. Ltd., and John 
Telephone: 42091 Telegrams: Rivets, Sheffield Mowlem & Co. Ltd. 























For longer Electrode Wear 








Here are some of the Spot Welding tips made from Bicaloy, a copper-alloy 
specially developed by BICC. 


Its mechanical characteristics at high temperature, and high electrical and 


thermal conductivity make Bicaloy resistant to wear and deformation under 
all welding conditions. 

Bicaloy is available in rod, strip and slab form for those who prefer to 
machine their own tips. Electrode tips to B.S.807 .1955 are supplied from stock. 


Publication No. 371 tells you all about Bicaloy and Bicaloy Spot Welding tips 
Why not write for a copy today? 


BRITISH INSULATED CALLENDER’S CABLES Limiteo DD, 21 BLOOMSBURY STREET, LONDON, W.C.7 
fv € 


CS 


APRIL, 1958 7 


















by sée 


ATOMIC ENERGY DIVISION 


Specified 








Opal Electrodes 


Opal - one of a range of DIADEM ELECTRODES, h 
One hund red miles of Sutesabtercenriin widien epglenion You wn duenden 


OPAL ELECTRODES 
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steam-raising units. 

The special notch-tough steel of the great reactor vessels demanded 

electrodes making welds of similar notch-ductility. Exhaustive tests 
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ONLY Diadem Opal electrodes will be used on site for this project 

over forty tons of them, butt-welding plates three inches thick. 
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Here are some of the Spot Welding tips made from Bicaloy, a copper-alloy 
specially developed by BICC. 

Its mechanical characteristics at high temperature, and high electrical and 
thermal conductivity make Bicaloy resistant to wear and deformation under 
all welding conditions. 

Bicaloy is available in rod, strip and slab form for those who prefer to 
machine their own tips. Electrode tips to B.S.807:1955 are supplied from stock. 


Publication No. 371 tells you all about Bicaloy and Bicaloy Spot Welding tips 
Why not write for a copy today? 


BRITISH INSULATED CALLENDER’S CABLES Limiteo DD, 21 BLOOMSBURY STREET, LONDON, W.C.T 
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Before the first turf is cut on the site of 
a new nuclear power station, Murex Welding 
Processes Ltd. are ready to supply the high- 
quality electrodes for the welding of pressure 
vessels, heat exchangers, feed pipes and other 
installations 


So when site welding proceeds without 








a hitch it is not merely good fortune — it ts 









Photomicrography shows the structure of weld metals 
under conditions similar to those operating in the 
shells of pressure vessels, heat exchangers and other 
vital installations 


good planning. And the intensive research that 


goes into the making of * Murex’ electrodes is 










Taken on an 0.250 ‘Kodak’ Rapid Orthochromatic 


part of this planning Metallographic Plate (magnification x 100 








LILUTLHULUUILI 


Only one standard of performance can be 


) 


accepted in nuclear engineering — the highest 












2 

Only the highest standard, therefore, isaccepted ; | | | | | | | | 
in the Murex laboratories at Waltham Cross 
Research includes many tests of a photo- 
graphic nature, and it is here that * Kodak’ 


materials play their part. 


Murex Welding Processes Ltd. use 
‘Kodak’ sensitized materials 















for photomicrography, record photography 






Rapid and accurate analysis of weld electrode metals 
and parent metals is made by spectrography. Here is 
a spectrograph of a complex alloy used in the making 
of a* Murex’ electrode. 


(including colour), cinematography, oscillograph 







recording, radiography and spectrography 














Taken on a B.10 * Kodak High-Contrast Rapid- 
Processing Plate 






Ilustrations reproduced by courtesy of Murex 
Welding Processes Lid., Waltham Cross, Herts 









toriale play their part at every 
e ao in nuclear engineering 


A new catalogue is available giving details of materials and 
equipment for commercial and industrial photography. Write 
on your firm’s letterhead for the * Professional’ catalogue. 


Kodak Limited, Industrial Sales Division 
Kodak House, Kingsway, London, W.C.2 





* Kodak" is a registered trade-mark 
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and piercing 


No oxygen or air supply required 


FIVE 


be 


Can be used with A.C. or D.C. plant without additional 
attachments 


* Suitable for mild steel, cast iron, stainless steels and 
SPECIAL vies 


non-ferrous metals 


* Leaves a clean scale-free surface which requires no further 


FEATURES preparation 
* 


Free from carbon pick-up 


Send for publication WA/140 and literature covering 
the range of ‘ENGLISH ELECTRIC’ welding electrodes 


ENGLISH ELECTRIC 


welding electrodes and equipment 








THE ENGLISH ELECTRIC Company LIMITED, MARCONI HousSE, STRAND, LONDON, W.C.2. 
Welding Electrode Division, Clayton-le-Moors, Accrington, Lancs. Tel. Accrington 3241 


WORKS: STAFFORD * PRESTON * RUGBY " BRADFORD + LIVERPOOL + ACCRINGTON 
WAE.1ace 
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WELDING OF NON-FERROUS METALS 


+ 


TECHNICAL NOTES NO 





Welding Copper 


The difficulties previously associated with 
welding copper have been largely overcome by 
the advent of inert-gas arc welding processes. 
The need for post-welding treatment is obviated, 
and joints with mechanical properties similar to 
that of the parent metal can be made by argon- 
or nitrogen-shielded tungsten arc welding or by 
argon-shielded metal arc welding. 

For these processes, I.C.I. Metals Division 
has developed special filler rods and wires— 
‘Argofil’ for argon arc welding and ‘ Nitrofil’ for 
nitrogen arc welding. 


IMPERIAL CHEMICAL 


METALS 
DIVISION 


Mis 





INDUSTRIES, 


Imperial Chemical Industries Limited, Metals Division, 
produces large tonnages of non-ferrous metals and allovs for 
brazed and welded assemblies, and a wide range of rods and 
wires for brazing and welding. 

The Company’s Research Department has for many years 
carried out development work on the joining of metals. The 
experience gained is freely available to all interested in 
this subject. 


Macrograph illust- 
rating quality of weld 
which is easily obtain- 
ed in ILC.Il. phos- 
phorus - deoxidised 
copper, using the 
argon-shielded metal 
arc process and 
‘Argofil’ wire. 





LIMITED, LONDON, S.W.I. 
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The new RAYMAX 50 


~—for ‘soft’ radiation 











Radiograph of one pound note. 


The Raymax 50—tube- 
head, bench - mounting 
stand and control unit. 


With the Raymax 50, Newton Victor have evolved an x-ray 
: : ‘ ’ a . The equipment consists of a transformer, tube- 
unit capable of producing ‘soft’ radiation so that minute Sit ond enaeel tux, he ebebead abieh 
changes in the density of a specimen are clearly shown. The includes an H.V. transformer and a filament 
‘ ; , transformer, is fitted with an x-ray tube having 
fine focus, producing sharply defined high contrast images, a beryllium window; the complete assembly is 
makes the unit ideal for the examination of spot welded = fed in an oil-filled container. The control 
ra ; : : unit includes a kilovoltmeter and continuously 
joints in thin sheets, forged documents, portraits, postage variable kilovoltage control. 


stamps and micro radiography. 


o For further information please write for 
Newton Victor Ltd publication No. ES4175/51. 


132 LONG ACRE* LONDON: WC2 


x-ray sales department of M ENe POLITA N- VIC KE RS 





An A.E.1. Company 
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FROM BRITISH OxYGEN— 


FOR BRITISH *NDUSTRY 


A New propane regulator 

The P.R.I. is a single stage regulator 

designed for use with propane and 

other gases. It may be used for 
heating and cutting purposes and 

has been specially developed for steel works, 
shipbuilding yards and heavy industry, 

to withstand heavy duty without fatigue. 


Write for fully illustrated literature. 


British Oxygen 


po 
KO) BRITISH OXYGEN J spencertouse, st.ua 


utd., Industrial Division, 
is Place, London, S.W.1 
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The new RAYMAX 50 


—for ‘soft’ radiation 











Radiograph of one pound note. 


The Raymax 50—tube- 
head, bench - mounting 
stand and control unit. 


With the Raymax 50, Newton Victor have evolved an x-ray 
unit capable of producing ‘soft’ radiation so that minute 


The equipment consists of a transformer, tube- 
head and control box. The tubehead, which 
changes in the density of a specimen are clearly shown. The includes an H.V. transformer and a filament 


’ i ‘ transformer, is fitted with an x-ray tube having 
fine focus, producing sharply defined high contrast images, a beryllium window; the complete assembly is 


makes the unit ideal for the examination of spot welded mounted in an oil-filled container. The control 
poy ‘ é : unit includes a kilovoltmeter and continuously 
joints in thin sheets, forged documents, portraits, postage variable kilovoltage control. 


stamps and micro radiography. 


s For further information please write for 
N ewto n V | cto r Ltd publication No. ES4175/51. 


132 LONG ACRE* LONDON: WC2 


x-ray sales department of ME T ROPOLITAN-VICKERS 





An A.E.1. Company 
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FOR BRITISH *NODOUS TRY 
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to withstand heavy duty without fatigue. 


Write for fully illustrated literature. 


utd., industrial Division, 
is Place, London, S.W.1 
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HEAVY 
‘WELDINGS'’ 


We undertake the 
fabrication of frames 
and casings for heavy 
machines, welded from 
platework and sections 
of our own manufacture. 








The illustration shows a gearbox built for Turbine Gears Ltd., Cheadle 
Heath, Stockport, to their design; this weighs 13 tons and is | lft. Yin. 
long, 8ft. Oin. wide and 7ft. Oin. high. It is manufactured mainly from 
liin. and Ilin. steel plates. 


DORMAN LONG 


DORMAN LONG (Stee!) LTD., WELDING DEPARTMENT, REDCAR, YORKS. 

















FOR OXY-ACETYLENE AND SLECT RIC ARC WELDING 





RYLAND DS 2d 


MANUFACTURERS OF STEEL WIRES FOR ALL PURPOSES 
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CUTTING MACHINES 
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\ X-RAY FILMS 


FOR INDUSTRIAL RADIOGRAPHY 
ILFORD LIMITED - ILFORD - ESSEX 


Po 
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“HUMBER” or “OUSE” 
quality 


‘ Wy MM yw. 


Yip, py ys@@#/ / 


Recognised for many years as Uf )fPY>-”"CCEM MMMM 
; : YY; 
first-class wires for electric Y Yy 





Uy A 
arc welding electrodes Uj, S&S 





Yi 


THE 
MPmALN Y LiMiTED © WAKE F f 


+ WAKEFIELD 6! P ted es)« Teles » SPENCER WAKEFIELD TELE X 
No. 55,160 





DaW 458WA 


APRIL, 1958 17 








STEEL 
FABRICATIONS 


INOS. 
MARSHALL 


AND SON LTD. 


lilustrated above is a Pressure Tank 





THOS. MARSHALL & SON LTD 
WELLINGTON BRIDGE, LEEDS, 12 


Telephone: 32186 (5 lines) Grams: ‘Cisterns’ Leeds 12 





Be es RE a en By 











ANGLO- 
SWEDISH & 


ELECTRIC WELDING CO. LTD 





FIRST GLASS WELDING UNDER 
THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade 
welding repairs to boilers, castings, machine parts, 
etc., with expert technicians, for Fabrication work, 
Structural Steel work, Tank construction and 
Electric Stud Welding. 


ANGLO-SWEDISH eEvectric wetoine co. trp. 


Phone, Call or write us NOW for immediate service. 


LONDON - GLASGOW : LEITH 
NEWCASTLE - LIVERPOOL 





COLOUR 
BROCHURE 


THIS DESCRIPTIVE COLOUR 
BROCHURE SENT FREE ON 
REQUEST 
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WELDING ALLOYS 


THE HISTORY OF “LOW 
HEAT INPUT” WELDING 


In 1904 the late J. P. H. Wasserman, 
a pioneer Swiss metallurgist, first 






XYRON 2-24 SAVES COSTLY SHUT-DOWN 


Fractures suddenly developed in the cast iron base 
of this cable hoist. Faced with a complete stoppage of 
‘ production and a lengthy repair job, the manufacturer 


used Eutectic Xyron 2-24. With this high quality, ‘‘Low 





observed the phenomenon of sur- 


face alloying during brazing operations. His son, 


Amp"’ electrode, the fractures were repaired in posi- 
Rene D. Wasserman, continued research and per- P P P 


fected the new ‘‘surface alloying"’ metal joining tion. Dismantling and preheat were not necessary. 





and repair process. Today, advanced Eutectic Xyron 2-24 enables the heaviest and most complicated 
‘‘Low Temperature Welding Alloys"’ minimize or cast iron jobs to be ‘‘cold’’ welded in all positions. Pre- 
eliminate the distortion, warping, embrittlement, heat and after-cooling 

cracking and other undesirable metallurgical necessary with con- 

changes in base metals which can occur with ventional material are 

conventional high heat materials. Throughout eliminated. Xyron 2- 

Great Britain, a large force of factory-trained 24 operates at low am- 

technical representatives is bringing to industry perage A.C. or D.C., 

the benefits of Eutectic’s ‘Low Heat Input” gives an extremely 

Process. Take advantage of this free service by dense,smoothdeposit, 

completing the coupon below and posting it to with a tensile strength 

us today. of 134 tons p.s.i. 











9 TON SHAFT OVERLAYED BY EUTECROD 185 IN 8 HOURS 


The bearing end of this nine-ton, 23 ft. stoker drive shaft was found to be 
badly worn, after 21 years of continuous operation. A large public utility 
company thought repair would be lengthy and expensive until Eutectic’s 
Technical Representatives suggested EutecRod 185, a patented BronzoChrom 
overlay with the highest resistance to frictional wear. EutecRod 185 repaired 
the shaft in only eight hours, with great savings in material and labour. 
The overlays were applied without raising the shaft above dull red in 
colour, and EutecRod 185 bonded without fusion of the base metal at 
between 540° and 650 C. 

EutecRod 185 whilst harder and tougher than conventional overlays is fully 
machinable. Characteristics include high ductility, low coefficient of friction 
and excellent resistance to corrosion with highest resistance to wear and 
impact. 


EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE - FELTHAM ~ MIDDX - Phone: FELtham 6571 
NEW YORK - LAUSANNE - FRANKFURT (m) - PARIS * MONTREAL * SAO PAULO - MEXICO 


x X Barat, ee ee” Oe ale ey ake eee ee eee ee a a ee a ee ae 


EUTECTIC WELDING ALLOYS CO. LTD., | 
NORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX. 


| would like further free information on the following : 





r— EutecRod r- Free 180 page pocket _.« 
LJ sasrc Lj XYRON 224| | Welding Data Book 


r— Please send your Technical Representative for free 
LJ consultation demonstration. 


NAME 
ADDRESS 
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EUTECTIC LOW TEMPERATURE WELDING ALLOYS JOIN ALL 


Welding News 


PUBLISHED BY EUTECTIC WELDING ALLOYS COMPANY LIMITED, FELTHAM, MODX 


METALS AT-LOWEST HEAT—SAVE TIME, MONEY, MACHINES 











This new Booklet... 














sy 
es 
. gives full information on xe 
methods of joining Wiggin high- 
nickel alloys. It includes detailed 
recommendations for Monel, 
nickel, Inconel, Corronel B, 
the Nimonic series of high- 
temperature alloys and_ the | 
| 
Brightray series of electrical! 
resistance materials ) 
| 
] 
> 
TIC. | 
Fa ° ° 
/ Copies will 
gladly be sent 
' HT] 
on request \, | 
wen ) | 
“= / “7 } 
\ ee, HENRY «. 
he : | 
| =~ To Henry Wiggin & Company Limited, Publications \NY Lis Hi 
Department, Wiggin Street, Birmingham 16 TIT s C 


Please send me a 


Vame. 


Business interest 








4S HENRY WIGGIN & COMPANY LIMITED sicew srxcer. srewnouaw 








TGA cre 
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45 cubic metre Pressure Vessel 


made for I.C.I. Billingham 
Division. Length 30 feet. 
Diameter 10 feet. Fabricated 
from Kynal M.35/1. Alu- 
minium Alloy }" thick. One 
end dished and a rolled body 
cone and skirt. Argon Arc 
welded throughout. 


MARSTON EXCELSIOR in the Service of Industry 


Marston’s have unrivalled experience in the fabrication of light alloys—of all shapes and sizes. 


Their products have earned a reputation for efficiency and reliability that is world-wide. 


*% Light Alloy Fabrication 

* Specialised Engineering Assemblies 
* Laminated Plastic Components 

* Flexible Tanks 

* Radiators and Heat Exchangers 


Tubular Heat Exchangers ‘ Oil Tank 


§ pass cross/contra type made for 
[.C.1, Billingham Division. Length for I.C.1. Paints Division. 
184 feet. Diam. 23} — Soe Length 14 feet. Diameter 7 feet. 
tanks" are Aluminium Castings Fabricated from Kynal P3. 
of BS.1490 LM.20 alloy §” thick. Aluminium alloy }” thick with 
Body rolled and welded from dished ends and a rolled plate 
PA.19 Aluminium Alloy Plate j body. Argon Arc welded 
thick. throughout. Tested to withstand 
Tested to 7§ p.s.i. an 18 foot head of water. 


of 2500 gallon capacity, made 


} 





MARSTON EXCELSIOR LIMITED 


(A subsidiary company of Imperial Chemical Industries Ltd.) 
FORDHOUSES, WOLVERHAMPTON. Tel: Fordhouses 3361 
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Metrovick VERTIVICK electrodes 


for vertical and overhead welding 


The Vertivick is a superior all-position electrode for mild steel welding, possessing 


on exceptional qualities for use in the vertical and overhead positions, yet retaining all the 
oo essential features for downhand welding. 


me SLAG-FREE WELDS—As the arc length of the Vertivick electrode is not critical, 


sound slag-free welds, with excellent mechanical properties, can be achieved even with 
inexperienced operators. The slag, being sufficiently fluid, clears quickly from the molten 
pool when welding vertically and there is no tendency to flood the arc when downhand 


welding. Slag can easily be cleaned from the root run of vee-butt welds. 


pons FINISH—Vertivick electrodes have a stable arc which is easily struck and gives a 


“et smooth and regular weld appearance with a close rippled finish free from spatter and 


Se undercut. Downhand fillets are flat in shape and show an excellent “ wash-on ” 


APPROVALS—Approved by the Admiralty, Lloyd’s and the Ministry of Transport 
and Civil Aviation for welding of mild steel in all positions, also by the Ministry of 
Supply for welding Carbon Manganese steels (carbon 0.26°, max.) Class FV.1050/IV 
British Standard Classification E317. 


METROPOLITAN -VICKERS 





An A.E.1. Company 





Metrovick Electrodes for Every Purpose 
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JOINING OF METALS CONFERENCE 


Brazing in Controlled Atmospheres and 


in vacuo 


By E.V. Beatson, B.Sc. (Eng.), M.I.E.E., 


M.Inst.W. 


SYNOPSIS 


Goop brazing depends primarily on satisfactory removal of oxides. The use 


pheres, 


and vacuum or inert atmospheres is considered. 


of reducing atmos 


The importance of moisture and oxygen 


contents in reducing atmospheres is stressed and their effects are presented in a practical form, 


which can be app lied directly to production with instruments now commercially available, The 


problems of maintaining the correct conditions in the right place (around the work) and at the 
right time (at brazing temperature) are discussed in detail. 


The behaviour of complex oxide films, existing on metals containing alloying elements, is not 


predic table | 


»"y the theoretical considerations which apply so well to single elements 


Results of 


experiments and observations suggest a possible pattern of behaviour. 


Very successtul oxide removal in vacuo, 


and to 


a lesse t 


extent, in inert atmospheres, is not 
readily explained by theoretical considerations. Experimental data presented here may help to 
clarify the position. 
Practical aspects of joint penetration and filling are discussed, with particular reference to the 
three brazing processes concerned, 


Introduction 

RAZING has been defined as the 
B similar or dissimilar metals by heating them and 

introducing a filler metal of lower melting point, 
which as it melts is drawn into all the joint areas, 
completely filling them. Essentially, this involves two 
stages of interaction between the filler and parent 
wien 

As the filler metal melts it should readily ‘wet’ and flow 

over the surface of the parent metal, so that it can quickly 

arrive at the entrance of the joint itself 

(ii) Once the filler metal enters the narrow capillary joint, it 

should be drawn into and completely fill it as quickly as 
possible. 

A good indication of the degree of wetting in any 
particular instance is given by the angle of contact 
between the filler metal and the surface of the parent 
metal. The work of Bailey and Watkins’ showed that 
the smaller this angle, the better is the ‘wetting’ and, 
everything else being equal, the greater will be the 
spread of the molten filler metal. 

As Milner has shown,’ this is consistent with the 


theoretical consideration of the surface energies of 





Paper presented at the Joining of Metals Conference on “The 
Weiting and Spreading of Liquid Metals on Solid Metal 
Suriaces”, held at the Department of Industrial Metallurgy, 
Birmingham University, on 25th September, 1957. 

The author is Chief Welding Engineer with Joseph Lucas, Ltd., 
Birmingham. 


APRIL, 1958 





joining of 


137 


molten metal in contact with solid metal. The follow- 
ing equation relates the surface and interfacial free 
energies when in equilibrium: 


Y¥s=Yz)s> ¥, cos 0 


Where S stands for solid, L for liquid, and @ is the 
equilibrium angle of contact between liquid and solid. 
Now Y¢ for an oxidized metal surface is several times 
smaller than for the clean surface. Even though ¥,/¢ is 
difficult to evaluate, it is evident that as Ys, decreases 
cos 4 will become smaller, i.e. the contact angle @ will 
increase. This means that an oxidized suriace should 
theoretically result in a large contact angle and hence 
in poor ‘wetting’. Similarly, consideration of the force 
available to drive the liquid metal along a capillary 
path between two metal surfaces shows that the driving 
force is considerably reduced if the metal surfaces are 
oxidized. 

In other words, the two conditions mentioned above 
which are necessary for good brazing will only be met 
if the metal surfaces are clean and free of oxides. 

This requirement of oxide removal is by no means 
new to engineers and craftsmen engaged in brazing. 
From the earliest times they have taken steps to 
remove the oxides from the surfaces and prevent 
oxidation during the brazing operation. There are 
three or possibly four ways of achieving this oxide 
removal in practice: the use of fluxes, reducing 
atmospheres, vacuum, or inert gases. 
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Table I 
TYPICAL TOWN GAS ATMOSPHERES 
Composition, “, 
Type | Air/Gas Ratio —$—$______—_— - —______— Dewpoint 
H, =.) 2. 2. N, 
~ -} = ad 7 —— ee | —— 
9 7 10 7 | 1 | Bal. Room temp. 
Exothermic } ; —— = 
2:1 14 6 10 | 3 Bal. Room temp. 
| 1: 1-67 40 | Ss | 5 | Me 1 +2 
Endothermic } } = ‘ .| 
1:25 50 0 * | .28 | at lt =e 
The earliest and best known method, using chemical FeO + H, = Fe + H,O , . & 
fluxes, is not the subject of this paper. Of the other FeO + CO =Fe+ CO, . . 2 
methods, heating in a reducing atmosphere is the most : 
popular; in the last few years considerable attention Unfortunately, other reactions may also occur, 


has also been paid to the possibilities of heating in a 
vacuum for dealing with the more refractory oxides, 
and in certain special instances to the use of an inert 
atmosphere. 


BRAZING IN REDUCING ATMOSPHERE 

There are several types of reducing atmospheres 
now commercially available. They consist of different 
variations of burnt or ‘cracked’ town’s gas, hydrogen, 
and cracked-ammonia. In all of these, the active 
reducing agent is hydrogen, sometimes in conjunction 
with carbon monoxide. 

Town's Gas Atmospheres 

The most common and economical brazing atmo- 
spheres are obtained from hydrocarbon gases, such as 
natural gas or town’s gas, either by burning under 
controlled conditions (exothermic) or by ‘cracking’ 
over a heated catalyst (endothermic). 

The exothermic atmosphere, after burning and 
removing excess water vapour in a cooled condenser, 
will contain varying amounts of CO, CO,, and H, 
depending on the air/gas ratio used for combustion. 
It will ave a water vapour (H,O) content 
dependent on the temperature of the cooling water in 
the the atmosphere will, of course, be 
saturated at this temperature, which means that this 
will be its dewpoint. Figure la shows the relationship 
between the water vapour content of a gas and its 
lewpoint over the range covered by this type of 
itmosphere 

For producing the ‘cracked’ or endothermic type of 
atmosphere, much smaller quantities of air are em- 
ployed; these are, in fact, insufficient to maintain 
combustion, the air/gas ratios being less than one. As 
would be expected, much smaller quantities of water 
vapour are thus produced than in burnt town’s gas, so 
that the dewpoint of the atmosphere is much lower; 
in addition, the percentage of hydrogen is much 
higher. 

lable I gives some typical gas compositions pro- 
duced by these two methods with different air/gas 
ratios. 

In all these town’s gas atmospheres the active 
reducing gases are H, and CO. They are generally 
used for brazing carbon and low-alloy steels and the 
types of reaction which can occur are: 


aiso | 


condenser: 
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involving either removal of some carbon from the 
steels (de-carburization) or, with the endothermic 
atmosphere, an enrichment of the carbon in the steel 
(carburization). These reactions tend to complicate 
the final equilibrium conditions of the atmosphere as 
regards oxide reduction, and it is proposed only to 
deal generally with town’s gas atmospheres and to 
consider more thoroughly later the mechanism of, 
and problems associated with, oxide reduction by 
hydrogen atmospheres. 

From equation (1) it is evident that oxide reduction 
will take place more readily if the hydrogen content is 
high and the water vapour content is low, i.e. if the 
gas has a low dewpoint. Similarly, from equation (2), 
oxide reduction will obviously be assisted when the 
CO content is high in relation to the CO, content. 
Table I shows clearly how the effectiveness of the 
atmosphere improves as the air/gas ratio is reduced, 
the endothermic atmospheres being superior to the 
exothermic types. 

When copper-brazing mild steel at 1130°C, these 
atmospheres are effective at the relatively high brazing 
temperatures involved. Low-alloy steels, however, 
may contain appreciable quantities of elements such as 
manganese, nickel, chromium, silicon, molybdenum, 
titanium, vanadium, or aluminium; some of these 
elements may prove troublesome because of the vary- 
ing degree of difficulty in reducing their oxides. This 
question is dealt with more fully later in this paper, 
when considering hydrogen, particularly in relation to 
the reduction of complex oxide films. 

Hydrogen or Cracked-ammonia Atmospheres 

It is known that if an oxidized metal is heated in a 
pure dry hydrogen atmosphere, the oxide will tend to 
be reduced, forming water vapour as in equation (1). 
This process will continue until the percentage of water 
vapour increases to such a value that the H,O/H, ratio 
is in equilibrium for the particular metal oxide at the 
particular temperature. There will then be no further 
reaction unless the moist hydrogen is replaced by 
fresh dry hydrogen, when the reduction will continue. 

The principle applies to all metal oxides. However, 
some are much more difficult to reduce than others, 
i.e. they require a considerably drier atmosphere before 
the hydrogen will reduce the oxide. Invariably, also, 
the higher the temperature the more readily will oxide 
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reduction take place. The thermodynamic principles 
underlying these statements are well known. 

However, the information and diagrams derived 
directly from thermodynamic calculations are usually 
in terms of partial pressures of water vapour and 
hydrogen. In this form they are not immediately 
applicable to brazing, at least on the shop floor. For 
brazing, a better criterion of the condition of a hydro- 
gen atmosphere is undoubtedly its dewpoint, which is 
a direct measure of its water content. This is so, 
simply because it is a form in which the quality of the 
atmosphere can be readily measured experimentally 
or under production conditions. More will be said 
later about this question of instrumentation. The 
curve in Fig. 1b shows how water vapour content and 
dewpoint are related over the range in which hydrogen 
is normally used for brazing, this curve being an 
extension of Fig. la. 

In Fig. 2 curves are given for different metal oxides, 
showing how for each the equilibrium dewpoint (i.e. 
the moisture content at which the reducing reaction is 
at equilibrium) varies with the temperature. From the 
curve for chromium oxide for instance, one would 
expect to require hydrogen with a dewpoint of about 

35°C to achieve equilibrium in the reducing reaction 
at a temperature of 1000°C, whereas at 1200°C only 

20°C dewpoint would be needed. At lower dew- 
points (i.e. with drier atmospheres) chromium oxide 
should be reduced, and at higher values the excess 
H.O in the hydrogen would be expected to form more 
chromium oxide rather than reduce that which 
existed. The relative position of the various curves 
shows how the difficulty in oxide reduction varies, 
from the relatively easy iron oxide on the left to the 
practically impossible aluminium and beryllium oxides 
on the extreme right. 
Practical Considerations in Oxide Reduction by Hydrogen 

These curves in Fig. 2, which are taken basically 
from Chang* with a few additions and conversion to 
Centigrade scales, are derived essentially from theo- 
retical calculations. In practice many difficulties have 
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Fig. 2— Relation of hydrogen dewpoint to equilibrium temperature 
for reduction of various metal oxides in hydrogen 


arisen because of the assumption, so frequently made, 
that this question of H,O content or dewpoint of 
hydrogen is the only criterion for oxide reduction, and 
hence for good ‘wetting’. There are several factors 
which have a vital bearing on the final result, and for 
which full allowance must be made where necessary. 
Free Oxygen Content—Hydrogen or hydrogen 

nitrogen brazing atmospheres usually contain, in 
addition to water vapour, some free oxygen. This 
oxygen will not be revealed by dewpoint measurement; 
but at brazing temperature it will obviously tend to 
oxidize the work, so that an atmosphere which would 
otherwise be reducing, may in fact become oxidizing. 
For the purpose of determining, and of maintaining in 
production, suitable conditions for hydrogen brazing 
of any metal, it is really necessary to be able to measure 
both the water vapour and the oxygen contents. In this 
matter of instrumentation, brazing was, until the last 
few years, very badly served compared with many 
other joining processes. This fact, coupled with the 
failure to appreciate some of the other factors now 
under discussion, undoubtedly led to most of the 
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unfortunate experiences suffered by many who 
attempted to establish production brazing of some of 
the more difficult metals. However, suitable instru- 
ments have now been developed and are commercially 
available for measuring these two important brazing 
variables. Equipment is also available for reducing 
oxygen contents to a few parts per million, and for 
drying to a dewpoint (or more correctly a frost-point) 
of —-60°C to — 70°C, Other drying agents which should 
produce even lower dewpoints are barium oxide, 
phosphorous pentoxide, and of course liquid oxygen. 

Atmosphere Contamination—It is too often forgotten 
that the condition of atmosphere required to reduce 
the oxide of any metal must exist in the right place 
(around the work, inside the furnace), at the right time 
(at the brazing temperature). 

Account must be taken first, of oxygen and water 
vapour contamination which will occur in transferring 
the atmosphere from the generator or bottles, through 
pipes, stopcocks, valves, flow meters, etc., into the 
furnace; secondly, of incidental leaks into the furnace 
itself, particularly while the work is being introduced; 
thirdly, of gases introduced on the surfaces of the 
work, jigs, fixtures, conveyor belt, etc.; and fourthly, 
of the deterioration of the atmosphere dryness by the 
very process of oxide reduction of the work. 

The first two factors are questions of equipment 
design and manufacture. The other two are concerned 
primarily with procedure and technique. Steps can be 
taken to reduce each of these sources of contamination, 
but the total degree of contamination must be known. 
The generated atmosphere must be sufficiently pure 
and dry to allow for this. 

Brazing Temperature—Even assuming that the 
curves in Fig. 2 are theoretically correct, it must be 
remembered that they do not indicate the rate at which 
oxide reduction will take place. It appears, from the 
little evidence available, that the reaction rate is very 
rapid at hig temperatures, but tends to decrease at 
lower temperatures. 


azing in Hydrogen—-Stainless Steels 
rogen is readily available with dewpoints 


Examples of |! 
since 
Lowel 
| ch as low-carbon steel and copper should 
resent no great difficulty. In fact, they are readily 
razed in open type conveyor furnaces with refractory 
es. As one would expect from the curves in Fig. 2, 
with 
chromium, manganese, silicon, titanium, aluminium, 
beryllium that difficulty is encountered. 

Greatest interest in post-war years has centred 
round the high chromium-nickel stainless and heat- 
resisting steels, and more recently in the higher 
chromium heat-resisting alloys of the Nimonic group. 

As mentioned above, steels of the 18-8 variety 
should be brazeable in dry hydrogen or cracked 
ammonia, particularly as flux-free brazing is usually 
required with filler metals which need brazing tem- 
peratures of 1150°C and higher. Tests on a laboratory 
scale have demonstrated that when brazing these 
steels with copper at 1150°C, a dewpoint of —25°C to 

20°C is required. 

Early attempts at production brazing were mainly 
with ‘cracked’ ammonia, the dewpoint of which has 


»t 
ila 
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been shown in numerous checks on several instal- 
lations to be between -—-40°C and ~-50°C near the 
generator. Thus, the maximum contamination which 
can be permitted, from all causes listed earlier, is that 
which would increase the dewpoint by, say, 15°C from 

40°C. This corresponds to an intake of water vapour 
and oxygen of the order of 0-03°,. This is a very small 
amount of contaminant, and it is litthe wonder that 
serious attempts only six or seven years ago to 
establish production conditions for brazing stainless 
steel in open type conveyors, furnaces having refractory 
muffles were unsuccessful. Even the more straight- 
forward types of box and pit furnace required con- 
siderable care. In spite of this, furnaces of all types, 
including even small and medium conveyors, have 
been developed which, with reasonable attention to 
detail and to techniques, are operating consistently in 
production. Figure 3 shows a typical conveyor furnace 
for brazing stainless steel at about 1150°C, operating 
with a cracked-ammonia atmosphere. 


Effect of Alloying Constituents—-Complex Oxide Films 

Many stainless steels, and heat-resisting steels and 
alloys, contain small but significant amounts of metals 
such as titanium, silicon, and aluminium, the oxides 
of which might be expected to cause additional 
difficulty. There is little published information on the 
effects of these additions and at what stage they are 
likely to become critical, but the few instances given 
below begin to throw a little light on the subject: 


(i) For satisfactory brazing of unstabilized 18-8 stainless 
steel at 1150°C, the dewpoint ar the outlet of the sealed 
container was between — 25 C and —20 C 

(ii) A furnace brazing satisfactorily, but on a near-critical 
basis, unstabilized stainless steel at 1180°C, could not 
braze the same steel containing about 0-6°, titanium 
stabilizer (dewpoints unknown) 

(iii) A good conveyor furnace consistently brazed unstabilized 
and titanium-stabilized 18-8 stainless steel at 1150°C, 
with an atmosphere of — 40°C dewpoint measured at the 
furnace inlet (this is estimated to correspond to approx 

25°C around the work). It also brazed Nimonic 75, 
containing up to 0-6°, Ti, 0-15°, Al, 1-0°, Si 

(iv) Under the same conditions as (3), an incidental alu- 
minium content of 0-5°, rendered the 18-8 steel un- 
brazeable 

(v) The 18-8 steel mentioned in (iv), containing 0-5°, 

aluminium, was satisfactory in a large sealed container at 

1150-1170°C. Dewpoint conditions were approximately 
inlet, —55 C; outlet, —40°C 

Nimonic 80, containing 1:8°, Al, 2:7°, Ti, could not be 

brazed in sealed boxes at 1180 °C with inlet dewpoints 

of —75°C. All published literature indicates that it has 
not been possible to braze this metal in pure dry hydro- 
gen. These comments refer, of course, to the brazing of 

Nimonic 80 in its natural form; some success has been 

achieved in dry hydrogen by nickel-plating the com- 

ponents before brazing. 

A similar instance can be quoted for the poorer quality 

exothermic town’s-gas atmosphere. A standard conveyor 

furnace, fed with an atmosphere having an approximate 

dewpoint of +20 °C, copper-brazed low-carbon mild 

steel consistently bright at 1130°C. However, it was quite 

incapable of brazing a low-alloy steel containing about 
24°, chromium. 


< 


(vil) 


An analysis of the practical data given above allows 
some tentative conclusions to be drawn. 

First, an alloy which contains a reasonably large 
proportion of a metal with a much more stable oxide 
than the remainder, appears to behave as though this 
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metal is the main constituent. Thus, an 18-8 stainless 
steel (18°,, chromium) appears to follow very closely 
the conditions obtained theoretically from Fig. 2 for 
pure chromium. 

Secondly, even very small additions of a metal with 
a very stable oxide (as low as 0-5°%) have a positive 
effect on oxide reduction. However, their presence can 
be offset by relatively small improvements in the 
atmosphere dewpoint, which would be quite inade- 
quate for the stable oxide in large quantities. 

Thirdly, additions of around 2°, appear to have a 
major effect, although it is not established whether 
they are beginning, at this low percentage, to act as 
though they were the main constituent. 

It appears likely also that the form in which the 
alloying constituent is present will have a bearing on 
its effect, but more information is required on all these 
points before a clearer picture can be drawn. 

rhere is very little positive information relating to 
brazing in reducing atmospheres at lower tempera- 
tures. It has been established that brazing of mild 
steel with low-temperature brazing alloys requires a 
very good quality hydrogen atmosphere in a furnace 
of the same quality as that needed for copper-brazing 
stainless steel. Tests on one quarternary silver 
copper-—zinc-cadmium alloy, with a liquidus of around 
635°C, confirmed that, with an atmosphere of —25°C 
dewpoint (--40°C at furnace inlet), it was necessary 
to braze at over 850°C to ensure good ‘wetting’. Very 
little success was achieved with poorer atmosphere 
conditions. At first sight, this is reasonably consistent 
with Fig. 2, assuming that zinc oxide is the main 
difficulty. However, since the zinc was present only 
in the relatively small amount of brazing alloy and 
not in the parent metal, and since the temperature 
was at least 200°C above the liquidus, it appears that 
at these temperatures there is some additional diffi- 
culty in oxide reduction, 

One other experience which supports this, is the 
considerable difficulty found in soldering copper at 
350°C in hydrogen of —20°C dewpoint, when theo- 
retical considerations indicate there should be no 
difficulty at dewpoints of 


50°C or above. 





Fig. 3—Conveyor furnace for copper-brazing stainless steel in 
dry cracked ammonia (4. R. Wade Ltd.) 
APRIL, 1958 








Table 
VACUUM CONDITIONS FOR OXIDE DISSOCIATION 
Equilibrium 

Metal oxide Temp., °C Pressure, 

mm He 
Ferrous oxide (FeO) 1150 10-*° 
Chromic oxide (Cr,O,) 1150 10°" 
Chromic oxide (Cr,O,) 850 10°24 
Manganese oxide (MnO) 1150 10-"* 
Silicon dioxide (SiO,) 1150 10°" 
Titanium oxide (TiO,) 1150 10>?! 
Aluminium oxide (Al,O;) | 1150 10-*? 














BRAZING IN VACUO 

In certain specialized industries, such as the valve 
industry, a limited amount of brazing has been carried 
out by heating in a vacuum, without flux. There is little 
factual information published on these applications, 
which do, however, include a number of metals, 
generally brazed by high-frequency induction heating, 
i.e. in a rapid heating cycle. 

During the last few years considerable effort has 
been devoted to investigating vacuum techniques for 
the brazing of those metals which have caused great 
difficulty, or are not possible, in hydrogen. The most 
interesting among these metals are stainless steels and 
the heat-resisting alloys of the Nimonic group, 
particularly those which are unbrazeable in hydrogen, 
such as Nimonics 80, 90, and 100. For perhaps different 
reasons, metals such as titanium and zirconium are 
also of interest here. 


Mechanism of Oxide Removal 

The mechanism of oxide removal in vacuo is not 
clear. The first possibility, that of the oxide being 
dissociated to form oxygen and the metal, is not 
feasible since equipment cannot reasonably be ex- 
pected to operate at pressures below about 10-° mm 
Hg, and at normal brazing temperatures this would be 
completely inadequate. For instance, Table II gives 
typical values of pressure which would theoretically be 
needed by some metal oxides that are of special interest. 

The results so far achieved indicate some entirely 
different mechanism of oxide removal. From the start 
it has been possible to record reasonable data, both in 
experimental work and, perhaps more important still, 
on application development or production work. In 
Table III are given results of ‘wetting’ and ‘spread’ 
tests on various metals under different conditions of 
vacuum and temperature. In the experimental work 
the brazing metal was copper, so as to provide a 
degree of uniformity and to give a basis of comparison 
with similar work in reducing atmospheres. 

The results of these spread tests have been confirmed 
in practice, with all the metals mentioned earlier and 
various brazing alloys, in all instances with a sur- 
prisingly good measure of agreement. Generally 
speaking, it is wise to work at the better values of 
vacuum indicated, if all the advantages of this very 
promising method are to be achieved. 

A comparison of the actual requirements in practice 
for oxide removal, with the theoretical requirements 
for removal by dissociation (Table II]), shows clearly 
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Fig. 4—Wetting and spread in reducing and inert atmospheres: 
molten copper on carbon steel, stainless steel, and titanium 


that the latter cannot be the mechanism which operates 
in brazing. In the case of titanium, the very poor 
vacuum which will suffice is even more inconsistent 
with the theory of dissociation. Here, however, the 
great affinity of titanium for gases like hydrogen, 
and oxygen at elevated temperatures 
provides the obvious explanation that, in vacuo, the 
titanium absorbs the oxygen from its oxide. It seems 
possible that this same mechanism operates in the 
case of the other metals and their oxides. 


nitrogen, 


OXIDE REMOVAL IN INERT ATMOSPHERES 
\s mentioned earlier, the use of an inert atmosphere 
irgon for the brazing of metals like titanium is 
The method has been used very 
satisfactorily on a limited scale and has obviously 

| prospects, provided that the relative ease of oxide 

oval does not lead to carelessness in controlling 
he atmosphere, which might have other harmful 


> ich as 


bh 


iously indicated 





BRAZING IN CONTROLLED ATMOSPHERES AND /N VACUO 





Fig. 5—-Photomacrograph of vacuum-brazed joint in Nimonic 
80 


To investigate the possibility that oxide removal in 
vacuum may be due to absorption of oxygen by the 
parent metal, a limited series of ‘wetting’ experiments 
have been carried out on various metals in nitrogen 
and argon, and the results have been compared with 
those obtained with hydrogen. The photograph in 
Fig. 4 shows the results of such tests on stainless steel, 
mild steel, and titanium, in atmospheres of hydrogen, 
cracked ammonia, nitrogen, and argon. Unfortunately 
it is not possible to reproduce here the original colour 
photograph, which perhaps shows better the extent of 
oxidation occurring during cooling in some instances. 
This oxidation occurred in inert atmospheres, where 
the results were not altogether satisfactory, and the 
method probably has not the same possibilities as the 
brazing of stainless steel in hydrogen, and certainly 
not those for Nimonic 80 or 90 in vacuum. Never- 
theless, the degree of wetting in argon and nitrogen 
does lend some support to the theory of oxide absorp- 





ffects on the metal itself. tion by the parent metal. 
Table Il 
WETTING TESTS IN VACUUM 
Vetal Temp., € Pressure, mm Hg | Wetting Final Appearance 
18-8 Stainless steel 1150 10-* | Excellent Bright 
18-8 Stainless steel 1150 10-2 Good Olive-green 
18-8 Stainless steel 1150 l None Thick oxide 
18-8 Stainless steel 900 10-* Good Bright 
18-8 Stainless steel 900 10-° None 
Nimonic 90 1150 10-° Very good | Bright 
Nimonic 90 1150 10-* Fair/good Slight blue 
Nimonic 90 1150 5x 10-* | Very poor | Blue 
Titanium 1000 10-* Very good Clean 
Titanium 1000 10-? Very good Clean 
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Fig. 6—Typical assemblies in stainless steel, Nimonic 75 and 
Nimonic 90, vacuum-brazed 


FLOW IN BRAZED JOINTS 

It is only proposed to deal briefly with this aspect of 
brazing, as it is considered that the proper application 
of the principles of oxide removal and wetting, allied to 
sound design and brazing practice as dealt with else- 
where, *:° should result in sound, properly filled joints. 

The principles relating to the flow of brazing metal 
in close-fitting joints has been well covered,' and is to 
be further dealt with by Cibula.® As stated earlier, the 
forces tending to promote flow, and the ability to 
avoid unbrazed areas, are both dependent primarily 
on efficient oxide removal. A word of warning is 
perhaps needed in regard to the question of joint gaps. 
The application of the theory which is based essentially 
on ideal conditions, as discussed by Milner,* indicates 
that copper will rise vertically up a joint gap of 0-012 
cm (0-005 in.) to a height of approximately 9 in.; also, 
that with a gap of approximately 0-010 in., the rate of 
filling a vertical joint up to half its equilibrium height 
would be about the same as for a horizontal joint. 
Whilst the principles are undoubtedly broadly sound, 
very wide experience in this field of copper-brazing 
mild steel has shown the great danger of attempting to 
braze joints having gaps bigger than about 0-003 in. 
Whilst much larger joints can sometimes be filled, 
this is generally by downward flow and in joints with 
designs lending themselves primarily to ‘casting’ 
techniques. There is considerable evidence to support 
the fact of breakdown of capillary forces at about the 
gap quoted, even when wetting is still sufficient to 
carry the copper considerably further along both joint 
surfaces, presumably using the natural capillary paths 
on these surfaces. 


Joint Filling in Hydrogen and Vacuum Brazing 

It has been accepted almost universally for years 
that flux-free joints brazed in a good reducing atmo- 
sphere consistently provided less unbrazed areas or 
voids than those made with flux. Figures quoted for 
copper-brazed mild steel are around 90 to 95°% joint 
filling, compared with say 80°, consistently with flux. 
When using hydrogen for brazing difficult metals such 
as stainless steel, the efficiency of joint filling is about 
the same, once the correct conditions for oxide 
reduction are established. Flux brazing of such metals, 
however, is in general likely to result in rather worse 
joint filling on a production basis than with mild steel. 
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Fig. 7—-Vacuum furnace for experimental and application 
development brazing (Edwards High Vacuum Ltd.) 


The experimental and limited application work so 
far carried out indicates that vacuum brazing gives 
exceptionally good joint filling, in addition to its 
excellent oxide-removing properties. It appears to 
allow the penetration of even smaller joint gaps than 
with hydrogen, probably because it is equally effective 
in oxide removal from the surfaces of close fitting 
joints, while hydrogen would have difficulty in 
penetrating in any quantity. The indications are that, 
with joints of correct design, joint filling should be 
practically 100°,, even with the most difficult metals. 

The photomacrograph in Fig. 5 illustrates the 
quality of a typical joint in Nimonic 80 brazed with 
copper. The total area of joint brazed from one feed 
point was 2 in*, and no voids were found in any com- 
ponent examined. Figure 6 shows three typical 
assemblies, in stainless steel, and Nimonic 75 and 90, 
brazed with copper or one of the high-nickel brazing 
alloys, which have been satisfactorily engineered for 
brazing by this method. 

It is not yet established whether better strengths will 
be achieved by joints brazed in vacuo, but certainly 
very great consistency should be possible. 

Among other attractions of the process are the ease 
and accuracy with which the condition of the vacuum 
can be measured, and the high engineering quality of 
the equipments. The photograph in Fig. 7 illustrates 
one of the first vacuum furnaces to be installed in this 
country, in which much of this experimental and 
application development brazing was carried out. 
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SYNOPSIS 


IEE irvey vith examples, is given of the historical 


ated diesel engine trames; this is followed 
i mn 1: and stage-by stage manufacture of the 
I unge of modern V-12 and V-16 


Manufacturing techniques, 


cylinder engines 
category 


und their resolution, are touched 1 pon 
Introduction 
Welded 


nto tnree 


structures for diesel engines generally fall 
iin classes: 
General prototype designs, and cases where it is not always 
t to use Castings 
vhere lightweight and shock-resistant properties 
ired for moderate sized engines, for naval or rail- 
n duties in particular 
Very large structures for the larger types of marine engines, 
vere Castings are impracticable. 
it is with the first two classes that this paper is chiefly 
concerned. 
DEVELOPMENT OF FABRICATED FRAMES 
Some thirty years ago, highly stressed welded struc- 
tures were not favoured by either designers or con- 
sulting engineers, particularly where welds were called 
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upon to support shock loads either in shear or tension, 
Indeed, the British Admiralty at that time would not 
accept small baseplates for electric generating sets 
which were entirely dependent upon welding for their 
construction, and they insisted upon cross-members 
being tongued into holes in the main frames prior to 
the welding of the complete assembly. 

As diesel engine frames are subject to violent 
shocks, it was considered at that time that the main 
columns carrying the loads between cylinders and 
crankshaft should be made from continuous plate, 
eliminating explosion-stressed welds. An early example 
of this type of construction was manufactured by the 
authors’ company in the early 1930's. This engine had 
8 cylinders of 190-mm bore and a stroke of 240 mm, 
and was rated at 320 h.p. at 1000 r.p.m. The main 
vertical plates were prepared with two large holes, the 
top one of rectangular shape and of sufficient size to 
allow the top deck—to which the cylinder heads are 
secured—to be threaded through longitudinally. This 
deck was notched out and, when turned into a hori- 
zontal plane, interlocked with the vertical plates and 
performed the additional duty of spacing plate at the 
top of the frames (see Fig. 1). The lower ends were 
secured to the mounting plates, and on this foundation 
the remainder of the entablature was built up. The 
lower holes in the main columns were prepared at the 
bottom to accept the main bearing housings, and the 
size of the portion of the hole above these housings 
was determined by the clearance required for the 
threading through of the crankshaft. 
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Trouble was experienced when this entablature 
came to be machined after stress relieving, when it was 
found that cylinder centres had contracted ¥ in., 
making a total reduction in length of ¥% in. overall; 
this was a considerable embarrassment, as the cylinder 
heads were not equi-spaced between the protruding 
parts at the top of the frame. 

After this engine had been in service for some time, 
it was reported that cracks had appeared in one of the 
end main frames. An investigation by a neutral 
authority eventually showed that this portion had been 
overheated in stress relieving, and it was subsequently 
reinforced by a patch. 

After this unfortunate experience, all ideas of fabri- 
cated main parts for engines were abandoned until 
after the late world war and the time when more 
generating capacity was urgently needed. 

As a result of a scheme, sponsored by the Ministry 
of Supply, to produce 55-kW generating sets in large 
numbers which could be manufactured quickly, 
fabrication was Once again resorted to, owing to the 
difficulty of procuring castings in sufficient quantities 
(as mentioned under class (a) above). 
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Fig. 1—Construction of early fabricated engine 
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Fig. 2 


‘MR4 crankcase’ 


The engine in this case had four cylinders of 142 mm 
bore with a stroke of 200 mm, and was rated at 
88 h.p. at 1000 r.p.m.; it was decided that the top and 
bottom of the crankcase should be fabricated struc- 
tures. 

A certain amount of trouble was experienced with 
the top half of the crankcase (Fig. 2); although the 
steel plate was of a thickness which would normally 
be used in cast iron, it was found that a large amount 
of flexing took place under stress, and it was only 
after considerable experiment that complete rigidity 
was achieved. In the lower half of the crankcase 
(Fig. 3), the main bearings are carried in steel housings 
which are welded to the main cross-plates. In a few 
instances it was found that, when assembling, a gap 
had been left between the housing and supporting 
plate, so that the cylinder stress was taken on the weld 
in shear, resulting in cracking of the plate. Although 
these troubles were serious at this time, they were 
easily remedied, and this design is still being used on 
this range of engines. 

About four years ago, a new high-speed lightweight 
engine was prototype-tested; this had 6 cylinders of 
54 in. bore with a stroke of 6 in., and was designed 
with an underslung crankshaft similar to an auto- 
motive engine. The cylinder jackets were fabricated 
into the frame, and were designed to carry explosion 
loads. They were of novel formation, and the weight 
of water in them was reduced to a minimum. Reference 
to this method of construction will be made later in 
this paper. Although this design proved satisfactory, 
it was expensive for production purposes when com- 
pared with iron castings, and this engine was never 
put on the market. Figure 4 shows sections through 
the crankcase, and Figs. 5a and 5 show views of a 
three-cylinder crankcase. 


1000-2000 H.P. V-TYPE ENGINES 

In 1949 there was a demand for engines of from 1000 
to 2000 h.p., which were required to meet weight 
restrictions and provide high shock-resistance charac- 
teristics (class (6) mentioned above). An associated 
company designed the JV range of engines to meet this 
demand, and the authors’ company was entrusted with 
the major portion of the contract for the fabricated 
bedplates and cylinder housings. 

At the time the design of the major components of 
this engine was commenced, it was decided to use 
mild-steel plate throughout, as there was some doubt 
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Fig. 3 


‘MR4 sump’ 


about the possibility of obtaining steel castings con- 
sistently in the correct material and in the quantities 
required. As in all design work, past experience of the 
designer and manufacturer was brought to bear, and 
every effort was made to make the design such that all 
the individual plates could be flame-cut, prepared, and 
welded in as simple and accessible a manner as 
possible 

It is not possible in a paper of this nature to go 
deeply into the design of the main structures, as this 
would involve basic diesel engine design, but the 
illustrations will show the main features and details 
of the finished parts and other components and sub- 
assemblies. 

As the cylinder housings are of course subject to 
water pressure, it was decided to fabricate each 
cylinder water jacket separately and pressure test it 
before welding into the main structure. 

\ point to be borne in mind at this stage is that there 
s always a danger, in a welded structure, of water 
finding its way between the edges of the plates, causing 

leak at a point remote from the place of slight weld 


1 CLaA 

orosity inside the water jacket; whilst the water 
icket plates are welded on both sides, it is absolutely 
ssential tl the inside weld be sound for its 
‘ntire length. With this in mind it was also necessary 
O art for a fair tolerance on the relative cylinder 
icket centres, in order that vital welding should not 

be machined away when boring for the cylinder liners. 

iF V-type cylinder housing, not only must the 


centres be maintained both to dimension and 
ment, but each bank must be in correct relative 
to the other and at the correct angle. It was 
ippreciated at the outset that the engine structures 

ld necessarily be composed of plates of widely 
varying thickness, but wherever possible, and parti- 
n the case of butt joints, even thicknesses were 
d. Wherever possible British Standard weld 
preparations were used, the major welds being sealed 
on the underside. 

At an early stage it was found that quite light plates 
would carry the direct known stress resulting from 
cylinder pressures and reactions, but the inherent 
stress reversals, vibration, and external shock had to 
be allowed for, and in fact the plates carrying the main 
stress between cylinder-head bolting flange and the 
main bearing support plates were made very much 
thicker than calculations demanded. It was subse- 
quently found when the engines were run that there 
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was a higher frequency vibration than is normal on a 
cast-iron frame with this type of engine, and the use of 
the heavier plates was justified. Thus, although some 
weight reduction was achieved, mainly in the un- 
stressed wrapper and cover plates, this was not as 
great as the straight calculations, comparing cast iron 
and steel, would indicate. 

The manufacture of the cylinder housing assembly 
and bedplate will now be dealt with in detail, as each 
assembly consists of separately fabricated sub- 
assemblies welded together at a later stage. 

Cylinder Housing 

Column Unit—The plates for the column units are 
flame-cut, and include !-in. thick side plates in which 
are cut crankcase door apertures. These apertures are 
only partially flame-cut round (see Fig. 6), to avoid 
distortion in subsequent welding; their final severing 
takes place after welding is completed. The first sub- 
assemblies are the supporting webs, to which are 
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Fig. 4—Section through experimental crankcase 
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(a) General view 


attached stiffening ribs and a flange inside the arch. In 
each instance the unbevelled edges of the plates are 
tacked in contact with the facing plates, and welded 
with standard fillets in a typical T-joint. 

The column unit assembly is completed by setting- 
up and tacking the two side plates and the two bottom 
flanges to the cross-webs, and welding them together. 
The joints are 90° V-butts, which are welded down- 
hand on a positioner. A temporary stiffener is welded 
across the feet of the arches to prevent distortion. The 
complete sub-assembly is shown in Fig. 6. 

Cylinder Banks—Right- and left-handed cylinder 
banks are made, each consisting of three main plates 
running the entire length of the engine—the upper and 
lower plates, and a side plate which is situated on the 
inside of the V of the complete engine fabrication. 

Each individual cylinder water jacket consists of a 
bent wrapper welded, inside and out, to the three 
foundation plates. The necessary cylinder head facings 





Fig. 6 


Mirrlees JV 16 column unit assembly 
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(5) Internal view 


Fig. 5— View of 3-cylinder experimental crankcase 


and liner support rings are welded into the top and 
bottom plates of the banks, respectively. Each indi- 
vidual cylinder jacket in each cylinder bank is then 
water-tested at 60 Ib/in® pressure. Supporting plates 
are welded between cylinder wrappers along the outer 
faces of the banks to carry various mounting pads 
The section through two of these jackets is shown in 
Fig. 7, and a cylinder bank is shown during manufac- 
ture in Fig. 8. 

The two cylinder banks are then assembled on to 
the column unit in a jig and welded into place, using a 
positioner to permit downhand welding. The crank- 
case door openings are now severed (see Fig. 9). 

This completes the first major assembly, the end 
view of which is shown in Fig. 10. The various details 
such as water piping, camshaft trays, fuel chamber 
bottom plates, valve operating gear pads, etc., are 
added. A section through the attached auxiliary casing 
on the outside of each cylinder block is shown in 
Fig. 11. 

The whole unit is then stress-relieved at 650°C for 
4h, the rates of heating and cooling being controlled 
so that the whole operation takes 24 h. 

After stress relieving, the temporary stiffeners are 
severed from the feet of the arches, and the whole 
assembly is shot-blasted and inspected both for 



































Fig. 7—Section through Mirrlees /V cylinder jackets 
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Fig. 8—J/V cylinder bank during construction 


quality of welding and for dimensional accuracy (see 
Fig. 12) 

The crankcase assembly is then again water-tested 
on each cylinder jacket, and the attendant water-pipe 
assembly and the space between the cylinder banks in 
the centre of the V arewater-tested under gravity, to 
ensure that no possible combination of water leaks can 
find its way into the interior of the crankcase in service. 

Joint Preparation—Considerable care is taken to en- 
sure adequate joint preparation. Thick sections are 
bevelled at 45°, to give a 90° V-weld groove. On thin 
material, T-joints are tacked without bevelling or gap, 
to receive standard fillet welds. Medium thickness 
material is prepared with a single 60° bevel without a 
flat root, but with a small gap on T-joints which are 
subsequently welded on both sides, to secure complete 
penetration. Butt welds are also used with the same 
type of preparation, each plate end having a 30° bevel. 
Downhand welding is used throughout, and is facili- 
tated either by means of positioners or by setting-up in 
the welding booth on blocks by the overhead crane. 


Engine Bedplate 

The engine bedplate consists of two sub-assemblies 
to which are attached other units. The two sub- 
assemblies are 





Fig. 9—Mirrlees JV'S12T column; first major assembly 
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Fig. 10—End view of Mirrlees /V column, showing major assem- 
bly welds 














(1) The baffle cross-webs, which carry the bearings 
and the side plates (see Figs. 13 and 14). The baffle 
cross-web units are vertical plates to which are welded 
radiating ribs and upon which are mounted the lower 
half main bearing housings. These latter are in two 
thicknesses, namely 34 and 5 in. The stiffening ribs are 
unbevelled and are tacked to the baffle, taking care to 
see that they sit down closely. Fillet welds of 2-in. 
throat thickness are applied on each side of the rib, 
the welds being made in the downhand position by 
mounting the unit on a positioner. The bearing hous- 
ings are welded in a similar manner to the plate and 
ribs, except that more runs are made than when 
attaching the ribs to the plate. 

(2) The side plates, which on the |2-cylinder engine 
consist of 8 pairs, are erected vertically and in line on 
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Fig. 11—Attachment of auxiliary casing to cylinder housing 
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a horizontal member 12 ft long. This member is bowed 
? in. from the flat, when measured at the centre, to 
allow for later contraction. These vertical plates are 
each supported by rectangular and triangular webs 
and between them are left gaps sufficient to receive the 
ends of the main baffle cross-webs. 

The erection of the bedplate is now commenced in 
an upside-down position, and the baffle cross-webs 
are tacked to the side-plate assemblies. Care is taken 
to see that the cross-webs fit snugly into the side plates, 
without gaps. Downhand welding takes place in a 
positioner, 2-in. fillets being used throughout. The top 
plates are added; when these are welded to the side 
plates, the ?-in. preset curvature is eliminated by 
contraction. 

As the | }-in. thick top plate and the 34-in. and 5-in. 
bearing housings must be securely welded together at a 
stress point, the bearing housing is shaped to 1} in. 
thick at the weld junction (see Fig. 13). In conse- 
quence, welds are made between members of the same 
thickness, and have therefore the same thermal ex- 
pansion and contraction. The preparation for this 
weld is a 30° chamfer on each side, with a 4-in. root 
and }-in. root gap. Four runs are made with a 6 s.w.g. 
electrode, the weld being completed with }-in. elec- 
trodes, and a sealing run is made at the back of the 
weld. 

The various oil pipes are next welded in position, 
and they are pressure tested at 90 Ib/in.* 

Finally, the -3,-in. thick wrapper plate is shaped and 
welded round the back of the cross-webs, and sealed 
to the horizontal members of the side plates. 

The unit is then stress-relieved in the same manner 
as the cylinder housing assembly, shot-blasted, and 
inspected. It is then subject to a further series of water 
tests to ensure absence of leaks. 

All edge preparation on the engine bedplates is by 
flame cutting and the subsequent use of grinder or 
air chisel. 


Problems in Manufacture 

As might be expected on a complicated fabrication 
of this nature and size, the work was not entirely free 
from difficulty, and a number of problems had to be 
overcome. 





Fig. 12—Mirrlees /V cylinder housing assembly being inspected 
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Fig. 13—Section through fabricated /V bedplate 


(1) Care had to be exercised to ensure that no 
pressure-tested welds on sub-assemblies were burnt 
through when joining to other parts of the structure. 

(2) The making of clean closely fitted pipe joints in 
oil and water connections, free from inaccessible dirt 
traps, had to be ensured. 

(3) All plate edges had to be clean cut in order that 
accurate assembly was obtained when the plates were 
tacked together, thus avoiding unequal distortion at 
the final welding stages. 

(4) Great care had to be taken to make sure that 
correct stress relieving was applied in order to remove 
inherent stresses, particularly for the major con- 
strained welds, which in some positions could not be 
avoided. 

These difficulties were only overcome after close 
study of building methods and the laying down of 
welding procedure, constant inspection, and the cor- 
rect use of material, electrodes, current, and technique. 


LATER DEVELOPMENTS 

Some 350 JV type engines with fabricated bedplates 
and cylinder housings are in service, and some of the 
latest to be built are the JVS12T engines installed in 
the Brush Traction 1250 h.p. locomotives being sup- 
plied to British Railways. 

The main structures of these traction-type engines 
are very similar to those built for other applications, 
with the main exception that the special type bedplates 
are extended to carry the Brush gencrators, and in- 
corporate steel castings in the form of ribbed plates 
carrying the main bearing housings. It has been found 
possible to obtain sound steel castings for this purpose, 
resulting in a great saving in the amount of welding; 
the use of castings is particularly desirable in this 
position, as it is one necessarily comprising very dif- 
ferent sections. A partially completed bedplate is 
shown in Fig. 15. Moreover, with this design of 





Fig. 14—Completed JV 16 engine bedplate 
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Fig. 15 


Partially completed /)'S127 bedplate 


engine, where the centre-line of the crankshaft is above 
the top face of the engine bedplate, it is advantageous 
to have the main welds between the cross 
baffles and side plates away from points of stress con- 
centration at the angle formed by the bearing housing. 
A section through this type of bedplate is shown in 
Fig. 16, and it is interesting to compare it with Fig. 13, 
which shows a section through the bedplate already 
described 


stressed 


These castings weigh about 300 Ib before machining, 
and are made from BS.592 Grade A steel; the plates in 
these and all the fabrications already described are of 
BS.15 open-hearth process steel. 


TROUBLES IN SERVICI 


As mentioned earlier, the fabrications have not been 
entirely free from trouble, but in every case where a 
crack has developed through a weld on engines in 
service, either on the cylinder housing or the bedplate, 
it has been through a constrained weld. The problem 
is the joining of rigid sections by welds that are not 
free to shrink as they cool. 

It is practically impossible to avoid the inclusion of 
constrained welds on a complicated structure of the 
type under review, but special shop knowledge and 
technique are necessary to ensure these welds being 
sound. The use of low-hydrogen high-tensile elec- 
trodes, and extra skill in welding, will usually give 
satisfactory results, but the less welding done at this 
stage the better 
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Fig. 16—Section through /V bedplate using ‘composite’ construc- 
tion 
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Fig. 17—Section through earlier /) cylinder jacket 


DESIGN SUMMARY 


This paper has, of necessity, only touched briefly on 
aspects of design and manufacture of welded steel 
frames for diesel engines, but it is safe to say that the 
amount of welding in any fabrication should be kept 
to a minimum and the greatest possible use should be 
made of rolled and folded plates. This is illustrated by 
a comparison between Figs. 17 and 7. Figure 17 shows 
the earlier construction of the Jl cylinder jacket, 
which was later superseded by that shown in Fig. 7 
By this change, two welds were eliminated and a 
generally more satisfactory construction was achieved 

The construction of the prototype engine shown in 
Figs. 4, 5a,and Sbalso illustrates the advantages of using 
two basic shapes of bent plates in the construction of 
the water jackets. Incidentally, this form of construc- 
tion had an added advantage in that the shape of the 
jackets enabled the main holding-down studs to be 
kept outside the water jacket spaces, and enabled a 
thinner top plate to be used with bosses welded on the 
underside to carry the tapped holes for the cylinder 
head holding-down studs. 

Another most important feature in the design of 
complicated engine structures similar to those de- 
scribed is one which is not at first obvious. It is the 
avoidance of all masked or inaccessible pockets in the 
construction which can lead to the trapping of steel 
shot during the shot-blasting process after stress 
relieving. Great care has to be taken to make sure that 
all shot is removed from the fabrications prior to 
painting, otherwise these particles of shot could be- 
come detached during the life of the engine, with 
disastrous results if they found their way into the 
lubricating oil system. 
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Construction of Steel Railway Coaches 


By H. R. Roberts, A.M.1.Mech.E. 
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SYNOPSIS 


CONSTRUCTION of steel British Railways 


Works at York is discussed, with particular reference to the 


coaches in the 


jigging and welding techniques employed. The vehicles are 


constructed from a number of prefabricated main assemblies, 
some of which are 63 ft 6 in. long, and the production of such 
large units of ditlering basic construction necessitates accurate 
jigging to produce them within the small limits permissible 


to ensure their ultimate 


mating together. The construction 
of railway coaches from raw material to the finished product 
involves a wide range of materials, processes, and trades, and 
in this paper the emphasis is on the aspects directly associated 


with we lding 


HE nationalization of British Railways made it 

possible to design standard rolling stock to 

cover the whole railway system in this country, 
and thus to benefit from the advantages of common 
design, standard components, and simplified main- 
tenance. Design was concentrated on steel passenger 
coaches with a view to securing additional strength; 
on coaches recently built, compared with conventional 
coaches of composite design, resistance to end- 
loading has been practically doubled for approxi- 
mately the same underframe weight. 

Other resultant advantages over former designs are 
the provision of additional width inside the body due 
to the thinner bodyside framing required when work- 
ing in steel as against timber, and the adoption of a 
uniformly curved bodyside profile which provides 
maximum width at shoulder height for passengers. 
These vehicles have an extensive possible route avail- 
ability, and the use of standard body construction, 
together with the standardization of bogies and under- 
frames, not only ensures economic construction but 
reduces the number of components required to be held 
in store for maintenance at the various depots. 

The overall length of the vehicle was standardized 
into two sizes only, 63 ft 6 in. and 57 ft O in., the 
former being adopted for all corridor passenger 
vehicles, and the latter for vans and also non- 
corridor stock requiring the widest freedom of 
running. 

Construction of coaches can be considered under 
three main sections: (i) the two bogies, which carry 
(ii) the underframe, on which in turn is built (ii) the 
steel body. The size and nature of this work neces- 
sitate its being dispersed over several shops, and each 
stage will be discussed in sequence. 
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BOGIES 


Bogies are constructed on progressive lines, with the 
fullest possible use of jigs (see Fig. 1). Frame compo- 
nents are flame-cut to profile (Fig. 2) from standard 
rolled steel sections, using a mixture of town’s gas and 
piped oxygen from a central liquid oxygen evapora- 
tor. The main frame joints are of riveted construction, 
as this form of assembly is considered to be better 
suited than welded construction to withstand the 
racking strains to which bogies are subjected during 
running. 

On the bogies used for the 25-kV multiple-unit 
stock, provision is made to minimize wear on the 
bolster suspension gear by hard-facing on the rocking 
radii. Different grades of surfacing material, deposited 
from bare rods by means of oxy-acetylene welding, 
are used in the opposing components. 

The principle of alternative assembly and riveting 
is applied as the bogies pass through the various jigs 
to the end of the production line, where the suspension 
bolts, springing arrangements, and brakegear are 
fitted. The completed bogies then pass to another shop 
to be fitted to the underframe, which has been con- 
structed simultaneously with its bogies. 


UNDERFRAME 

The underframe has been designed with the object 
of concentrating buffer loads in the centre longi- 
tudes, which have been reinforced accordingly. The 
solebars are subsidiary members of relatively light 
section, supported on cantilevers springing from the 
longitudinal. The underframe components are cut 
from rolled sections, but unlike the bogie, the under- 
frame is of entirely welded construction. 

The first operation is to fabricate the main centre 
longitudes and vertical struts of the cantilevers; in 
the jig used for this purpose (Fig. 3) the longitudinals 
are given the initial camber, and the whole unit is tack- 
welded together. The assembled unit is then removed 
to a stand to complete the welding before being 
carried by overhead cranes to one of the main assem- 
bly jigs where the remaining members of the under- 
frame are located and welded to it (see Fig. 4). This 
final jig ensures complete alignment longitudinally, 
transversely, and also diagonally of all members, 
whilst at the same time giving the whole frame the 
correct camber to offset sagging when the completed 
vehicle is under load. 

The underframe is removed from the jig and carried 
down the assembly line by means of overhead cranes 
to the final stage, where it is turned on its side and all 
possible welding which can be carried out in this 
position is completed (Fig. 5). The frame is then 
reversed and placed on the other solebar, and the 
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Fig. 1—-Trunnion welding fixtures used for bogie details 
corresponding operations are carried out on this side, 
before it is turned the right way up to complete the 
final welding of the top surface. The buffing and 
drawgear is fitted, the frame mounted on its bogies, 
and the complete unit checked for overall height, 
twist, and camber before painting 

Multi-operator welding transformers feed the main 
leads, which run the full length of the Underframe 
Shop, with sockets provided at various points along 
the line painted in different colours for easy identifi- 
cation. The system can operate up to 18 regulators, 
six on each phase. Welding is carried out on the natural 
surface of the steel received from the 
rolling mill: 4 s.w.g. is the s of welding rod in 
common use, with 6 s.w.g. used for tacking purposes, 
and 8 s.w.g. for tacking and for the few instances 
overhead welding is unavoidable 

The small area of this shop resulted in an objec- 
tionable density of welding fumes accumulating, and 
fume extraction plant has been installed. The main 
runs under floor level, with inlets, to which 
metallic flexible pipes are coupled, provided at strategic 


sections 


where 


ducting 





Fig. 2—Flame cutting of bogie details 
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Fig. 3—-Centre longitude assembly welding fixtures 
points. The mouthpieces to the pipes themselves are 
located close to the actual welding operation being 
carried out. 
BODY CONSTRUCTION 

The completed underframes and bogies then pass 
to the Building Shop, where bodies are fitted to them 
on a progressive building road of 28 stages. The under- 
frames arrive bare in stage |, and leave stage 28 as 
complete vehicles ready for traffic 

The framework of the coach is constructed from 
various sections of cold-rolled close-annealed steel 
which have been manufactured from sheet in the 
Press Shop, located adjacent to the actual building 
roads. This shop (see Fig. 6) is equipped with guillotines, 
abrasive cutting-off machines, and ten presses ranging 
in capacity from 10 to 500 tons 





Fig. 4— Welding of underframe in main assembly fixture 
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Fig. 5-- Welding of underframe in vertical position 


After the various items have been manufactured, 
every component is chemically treated to produce an 


insoluble crystalline phosphate surface coating of 


light grey colour, in order to improve paint adhesion. 
This coating also gives protection against corrosion, 
and if the paint film is scratched or ruptured the 
spread of rust is restrained 

Where galvanized sheets are to be used, a sub- 
stantial protection against corrosion already exists, 
but freshly galvanized surfaces do not readily accept 
paint, and adhesion is assisted if the sheets are de- 
greased and etched for a short time in the granodizing 
solution. 





Fig. 6—General view of press shop 
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Fig. 7 


De-greasing and phosphating plant 


The phosphating process is essentially a treatment 
of the steel in hot dilute acid solutions of metallic 
phosphates held in steel tanks (see Fig. 7) and can be 
divided into the following three main parts 


(i) De-greasing—The items are cleaned by immersing in a 
bath of trichloroethylene for about 5 min. In the initial 
stage of development, an alkaline solution was used for 
this purpose, but this not only took longer but neces- 
sitated subsequent rinsing 


(ii) Phosphating—The panels are then immersed in the 
granodine bath for 7 min at 180°} 
this bath being maintained at the required level by addi- 
tion of chemicals following a simple test. The phosphi 


coating is maintained above a minimum of 400 mg It 


(iii) Acid Rinse—After rinsing in a cold water tank with a 
constant overflow maintained, the steel sheets are in 
mersed in a hot dilute acid solution in water; the acid 
consists mainly of chromic acid, and reacts with soluble 
salts contained in the water to prevent any further dis- 
turbance of the paint film 


the composition of 





Immediately on leaving the granodizing process all 
components are hand painted with red metal priming 
paint. 

Body construction has been broken down into the 
sections detailed below, which are produced in jigs 
at the side of the assembly roads (see Fig. 8); the 
vehicles themselves pass so quickly down the roads 
that it would be impossible to build in such quantities 
if this method of prefabrication was not adopted: 





Fig. 8—General view of carriage building shop, showing various 
assembly welding fixtures for body framing and roof 


BRITISH WELDING JOURNAL 








ROBERTS: STEEL 





Fig. 9—-Main bodyside framing assembly fixture 


Bodyside framing comprising various pressed steel sec- 
tions (10 s.w.g.) lengths up to 
63 ft 6in 


welded together in 


Bodyside skin formed from 16 s.w.g. sheet steel welded 
together in one length 

(ii) Two body ends 

Roof, formed from variot 
together and 
panels, welded together and 


s pressed steel sections welded 
with 16 s.w.g. galvanized steel 
ilso to the roof structure 


covered 


Bodyside Framing 


The 


(i) “‘Top-hat’ section for main pillars, 
radius of 28 ft 1% in 


main steel sections used are: 


curved to suit the 


bodyside 
(ii) Z-section, curved to the same radius, for 
pillars 


intermediate 


(iii) Z-section for straight horizontal rails 


(iv) Angle section for bottom rails 


The bodyside framing itself is not assembled 
directly from the individual components, but is built 
up from a number of sub-assemblies, usually eight or 
nine in number, called ‘quarter’ jigs. In these jigs, the 
components are clamped to a base plate fixture, which 
can be adjusted according to the type of vehicle or 
quarter’ being produced. On each of the base plate 
fixtures there are a number of throw-over quick- 
acting clamps, with a hardened steel roller fitted in the 
end. This type of clamp is used for holding the 
various components in position, and greatly reduces 
the clamping-down time as compared with similar jigs 
using screw clamps. 

The next operation is to load the sub-assemblies in 
one of the two bodyside main assembly jigs, where 
they are located by various types of screw and throw- 
over clamps before being welded together into a full- 
length bodyside framing ready for skinning (Fig. 9). 
One of the main advantages of using first sub-assembly 
and then main assembly jigs is that the amount of 
contraction due to welding is very considerably re- 
duced, compared with that which would result if only 
one long jig were used. 

Prior to skinning, the insides of pillars, ultimately 
to be covered by the outside skin, are heavily coated 
with bitumen. 
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Bodyside Skin 

While the bodyside framing is being constructed, 
the actual skin of the vehicle is being prepared on an 
adjacent semi-automatic carbon-arc welding machine 
The 16 s.w.g. steel panels, which have previously been 
blanked and pressed, are welded together, the welds 
running vertically when the side is in position on the 
vehicle. In this type of welding a carbon electrode is 
used without a filler, and there is therefore a simple 
fusion of the plate edges. 

In the early stages of development considerable 
difficulties were experienced in obtaining a bodyskin 
without distortion due to welding. After the body has 
been painted and varnished, light reflection on the high 
gloss magnifies the slightest irregularlity in the panels; 
this naturally detracts from the appearance of the 
vehicle, and considerable development work has been 
carried out to minimize this defect. 

The panels to be welded rest on a copper-faced 
clamping block, and are held in position by two copper 
clamping bars running in inclined ways, so as to pro- 
vide a horizontal component to the downward thrust 
and thus hold the panels together when clamped (see 
Fig. 10). The welding head traverses across the panels 
on a V-guide and by means of variable gearing the 
speed is adjustable between 6 in. and 54 in. per min. 
The water-cooled head is provided with an electro- 
magnetic arc-directing coil, in the centre of which is 
an electrode holder, vertically adjustable, terminating 
in a clamp for carrying the electrode. The operator 
kneels on a cushioned bridge-piece (Fig. 10), observing 
the arc through a screen as the head traverses across 
the panels, and adjusting the height of the electrode as 
necessary. The flux used is a dilute solution of water- 
glass brushed on the joint prior to welding. 

After welding, the plates are pulled through on to 
the roller table until the next pair of edges are located 
in position, and the process repeated until the full 
bodyside skin has been welded. 

Skinning Jig 

The skinning jig (Fig. 11) is used for locating the 
body skin to the bodyside framework, and holding 
the two in position until they have been welded into 
one unit. The 70 ft long jig is made from heavy rolled 
section framing, on to which have been fitted cast-iron 
plates machined to the exact contour of the coach 





Fig. 10—Panel welding machine, with skinning jig in background 
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bodyside. The bodyside skin is hung from locating 
blocks on the jig, and the framework hung on top of it 
from the same location points. 

When these items have been correctly positioned, 
the clamping bars are lowered by means of power- 
driven screw columns situated in the length of the jig. 
As the clamping bars reach the bottom of the stroke, 
the bottom T-bar is engaged by a hinged guide lever, 
bringing the clamping frame into contact with the 
bottom toe clamps. These clamps, operated by pneu- 
matic cylinders situated inside the jig framing, squeeze 


the clamping bars, which are suspended on a system of 


levers at the top, against the bodyside framing 
assembly on the jig. On each clamping bar frame there 
are a number of spring-loaded index plungers which, 
when the clamping bars are finally in position, apply 
force at various predetermined points throughout the 
framing, thus bedding it hard on to the panel skin and 
holding the two in relation to the body contour 
during welding. 

After welding, the clamping bars are released and 


swung clear ready for the unloading and re-loading of 


the jig; the jig has two faces and both bodysides are 
completed in the one loading. To minimize buckling 
caused by chilling of the welded areas by the jig plates, 
these are heated by means of steam pipes in contact 
with the inside faces. 

Body Ends 

The ends of the coach are subjected to end loading, 
and to supply the required inherent strength, the 
upright pillars are hot-pressed from }-in. plate and 
framed together with 14 s.w.g. horizontal members 
and rolled steel angle arch-rails. 

Prior to assembly in the main body-end jig, the 
joint plates on the end vestibule door pillars are welded 
in at the correct angle to connect the straight portion 
of the end with the tapered sides. In another sub- 
assembly jig, the end corner pillars are located and 
welded to the leading pressed bodyside pillar by a 
number of boomerang-shaped brackets. The bodyside 
pillar is added to the end framing at this juncture for a 
number of reasons. The first is that, as the ends are 
paneiled before being joined to the sides, the joints at 
this point requiring welding would be inaccessible; 





Fig. 11 
panel welding machine in foreground 
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Fig. 12—Assembly welding fixture for body ends 


secondly, the end corner panel is of such a complicated 
shape that it has been found better to fit this in one 
piece, leaving a small overlap where it meets the body- 
side panelling. Finally, as there is usually a door at one 
end of the vehicle at least, the pillar attached to the end 
forms one side of the door opening and gives a definite 
datum point for locating the end. 

On the main body-end jig (Fig. 12), the clamps hold- 
ing the arch-rail are pivoted from the underside of the 
jig main plates and are so designed that, to tighten, only 
half a turn of the screw column is required after the 
retaining pin has been inserted. The clamping ba 
holding the horizontal cross-rails are pivoted at one 
end to swing clear when the jig is being loaded. 


Roof 

Carriage roofs are built in one piece on a jig stand 
ing adjacent to the assembly roads, and are trans- 
ported by overhead crane to the vehicle when com- 
plete. The jig on which the work is carried out is 70 ft 
long, and comprises three main longitudinal mem- 
bers to which are fitted adjustable locating points and 
clamps. 

On the centre longitudinal jig member are a number 
of castellated brackets supporting the roof carlines, 
and also locating the centre purlins in true alignment 
Between these there are other brackets carrying tubu- 
lar arms, on the ends of which are fitted plates at 
right-angles, each having two quick-acting clamps for 





Skinning jig in loaded position, with roller extension to _ Fig. 13—Lowering prefabricated roof into position on to the body 
shell 
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Fig. 14—-Interior view of a B.R. first-class sleeping car in course 


of construction 


A series of throw- 
hold the roof and 


holding the side purlins for weldi 
over clamps on the side jig members 


bodyside cantrails in position. The ends of the roof 


carlines are positioned on hinged locating fingers, 
and the whole unit is strapped down with adjustable 
metal straps whilst the panels are being tacked into 
place. 
When the roof framing has been clamped into posi- 
tion, the actual welding with rods is carried 
1 predetermined sequence to minimize welding 
rtion. A point of interest is that the side longi- 
tudinal members of the jig are located at very slightly 
ialler centres than drawing size, as it has been found 


12 s.w.g 


by experience to be impracticable to prevent the roof 


om spreacing after welding. 
) that tl 


| j 
CICASCE 


The jig is therefore set 
oof can spring out to drawing size when 
n the jig. 


The 16 s.w.g. ? 


galvanized roof panels are 2 ft 6 in. 
have been punched for ceiling ventilators, 
rolled to the correct roof contour, and painted, before 
delivery to the jig, The joints of the roof panels lie on 
the centre of each carline or roof sweep and, after 
positioning, these are plug welded to the carlines by 
means of 12 s.w.g. deep-penetration contact electrodes. 
Che joints between the roof plates are finished off with 
a butt weld made with 14 s.w.g. electrodes, starting in 
the centre of the roof and running downwards to the 
cantrail. 

The welding of the galvanized roof panels results in 
the liberation of obnoxious fumes which are removed 
from the shop at source by means of an extraction 
plant. 

To maintain work on a continuous basis, provision 


diy nat 
Wiae, ana 
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has been made for storing a complete roof on sliding 
supports located at the top of four uprights springing 
from the jig. 

BODY ERECTION 

The various main body sub-assemblies which have 
been described are now ready for locating and securing 
to the underframe. The speedy and accurate method 
of achieving this has been made possible by the use of 
what are termed reference jigs. These are collapsible 
tubular frames with location points ‘vhich engage 
specific location holes in some of the main bodyside 
pillars. The reference jigs are set at intervals along the 
length of the underframe and adjusted in height for 
the camber. 

When the position of these jigs has been finalized, 
the bodysides and ends are lifted into position by 
means of overhead cranes, and joined to the under- 
frame by a series of 2-in. steel rigger plates welded to 
both the underframe and bodyside pillars. On com- 
pletion of this operation the reference jigs are stripped 
out, except for the top bars, to allow the floor bearers 
to be welded in position. The roof is lowered on to the 
bodysides (I ig. 13), located in position, and squeeze- 
riveted to the bodyside cantrail. The end roof panels 
are added, and welding discolorations on the body- 
sides are sanded, dressed with a liquid phosphate, and 
repainted with red primer. On completion of this work 
the complete interior of the steel body shell is painted 
with emulsified bitumen before any internal fittings 
are installed. 

The vehicles then pass through progressive fitting 
up stages (see Fig. 14), where cross partitions, corridor 
partitions, plastic ceilings, and veneered decorative 
panels are fitted. Water storage tanks, lavatories, 
electric lighting, and compartment fittings are in- 
stalled, until the completed vehicle is produced and 
released to traffic approximately six weeks after the 
underframe was first received into the Building Shop. 

In addition to the main welding de- 
scribed, reference should also be made to other types 
of welding which are carried out. Stud welding is 
extensively used for fixing windows and other fittings 
to the bodysides. Spot welding ts used, but only for 
certain specialized items, such as the nut 
retainers on the vestibule hood capping strips and 
heater guards (see Fig. 15). Flash butt welding is also 
extensively used in other workshops in the production 


assembly 


securing 





Fig. 15—Spot welding in vestibule shop 
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of component details for the underframes and bogies. 
Some buffers, for example, are manufactured by 
stamping the head and butt welding it to the shank. 


The topography of the various main works of 


British Railways varies considerably, and although the 
basic principles of construction apply to all works, the 
individual methods of application do differ slightly. 
The methods outlined in this paper are those in prac- 
tice at York Carriage and Wagon Works, which can 
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produce about 210 bogies and 105 underframes per 
annum for other works, in addition to the construction 
of 254 complete coaches of various types. 
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FABRICATION OF SPECIAL EQUIPMENT FOR THE NUCLEAR ENERGY INDUSTRY 


By C. 


1. Terry, N. H. Shuttleworth, and D, C. Moore 


THE PIPING INSTALLATION FOR THE BURST-CARTRIDGE DETECTION GEAR IN 
THE CALDER HALL REACTORS 
By J. M. Laithwaite 


Mr. J. F. Lancaster (Kellogg International Corpora- 
tion): I should like first to ask Dr. Moore and his colleagues 
about bulk argon supplies. On the face of it, one would say 
that for high-quality work it would be safer to use bottled 
supply, an individual bottle to each argon torch, rather 
than to have the supplies piped around the works, since 
the chances of trouble due to contamination are dispersed 
and one contamination will only affect one torch. Do you 
in fact find the piped circuit satisfactory? 

What are the relative merits of the use of hydrogen 
probes or halogen leak detectors? Can the authors give us 
some guidance as to which is the best under which 
conditions? 

Finally, what does the ‘tomographic X-ray technique’ 
mean? Is it a misprint, or is it something quite new? 


Mr. E. V. Beatson (Joseph Lucas Ltd.): In the paper by 
Dr. Moore and his colleagues, Fig. 12 shows what looks 
like a bronze welding preparation of a joint which is to be 
silver brazed. Is there any merit or point in this, or is it just 
a diagrammatical error? 

I now come to what is common ground between these 
two papers—the stainless-steel tubing in leak-detecting 
apparatus. In other types of brazed joints between stain- 
less steel and mild steel, we have experienced trouble with 
joints cracking owing to differential contraction. Was that 





* Brit. Welding J., 1957, vol. 4, Oct., pp. 466-474, and Aug., 
pp. 360-367. 
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cracking experienced here, or was it avoided, because of 
the long joint between the tube and the fairly heavy header 
plate, and because of the relative ductility of the tube? 

For brazing stainless steel, we would always require a 
good reducing atmosphere if no flux was to be used. At 
the Commonwealth Welding Conference Mr. Hogg men- 
tioned what Mr. Laithwaite has now described in much 
more detail—the copper brazing of the stainless-steel tubes 
into ferrules in air. I said then that I could not see how this 
was done. After reading these two papers I felt that the use 
of argon, as mentioned in Mr. Terry’s paper, would enable 
the job to be done, but Mr. Laithwaite apparently found 
that, although they used argon at first, they could get away 
without it. | think they are to be congratulated; the en- 
gineering problems were difficult enough, apart from the 
fact that | should not have believed it possible to make such 
joints in air without a shielding atmosphere or flux. To 
persuade copper or any other alloy to wet a parent metal, 
you must remove the oxide film and prevent more from 
forming. I do not know how such success was achieved in 
this case, where apparently the copper flowed completely 
through the joints from one groove to another. While it 
may be said that very close-fitting joints exclude air and 
prevent excessive oxidation, our experience is that such 
joints in stainless steel require even better dry-hydrogen 
conditions than well open types of joint. 

If there was a ‘trick’ which enabled this job to be done 
and which it is possible to reveal, it would be well worth 
knowing. In any event I would like to say that the small 
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Fig. A—-Examination by tomography 


number of leakages which occurred in spite of all the en- 
gineering difficulties constituted a remarkable achievement. 


Authors’ Replies 


Mr. Shuttleworth: In reply to Mr. Lancaster’s query 
about bulk argon supplies, we have experienced far less 
trouble from this source of supply than that which would 
arise from the use of bottled argon 

In regard to hydrogen or halogen leak detection, we find 
that both have their use on the appropriate occasion. The 
majority of the vessels are vacuum tested, and it is often 
easy to use the hydrogen probe and to locate the leak at the 
time of the vacuum testing. Difficulty is sometimes ex- 
perienced with this method, if the distance between the 
leak and the instrument is long, and the response of the 
instrument is then delayed; in this case, it may be better 
to reverse the process, i.e. generate a slight positive pres- 
sure in the vessel and use the halogen leak detector. These 
methods are both useful tools applied in the appropriate 
case 

The preparation of the joint shown in Fig. 12, which 
Mr. Beatson queried, was arrived at merely as being con- 
venient on the shop floor for the man filling the joint. 

Referring now to the copper brazing of stainless steel 
ind mild steel, difficulties experienced in the early de- 
elopment were mainly associated with lack of cleanliness. 
Once we had ensured a joint that was scrupulously clean, 
we had no incidence of cracking whatsoever. It was a long 
joint and the tube was expanded into the header before the 
brazing operation took place. The brazing material flowed 
equally well on the mild and stainless steel. 

In the burst slug detection gear a very similar type of 
joint is used on the tube ‘bundle’, i.e. the assembly that can 
be fabricated in the shop, as distinct from site fabrication. 

In the early days, some of these joints were made without 
the argon flow and a certain amount of trouble was ex- 
perienced. Cleanliness precautions were intensified and the 
use of argon was instituted, and the troubles disappeared, 
although it was not necessarily the use of argon that 
eliminated them. 
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Mr. Terry: In reply to Mr. Lancaster’s query regarding 
tomography, the following explanation may help to clarify 
matters. A radiograph is a two-dimensional projected 
image of a three-dimensional object, which does not give 
precise information about location of defects. If resolution 
of detail of any particular plane of the object is required, 
more elaborate techniques are necessary. One such method 
is tomography, already widely used in the medical field, in 
which there is relative movement of the X-ray source, the 
object, and the film. For micro-examination of small 
objects it is convenient to fix the position of the source, 
and move the object and the film. Under these conditions, 
the film and object move in such a way that the chosen 
plane is always in focus on the photographic plate. In 
Fig. A, the pivot arm A is adjustable vertically and on both 
the constant-ratio control bar and the object carriage, and 
its position defines the plane of the object which will be in 
focus on the film. The component tray and the film tray 
move in parallel planes, and are motor-driven at a speed 
which enables the exposure to be made in a single traverse. 
In this way, the image of a point on the plane is always in 
focus on the film, whereas all other points in other planes 
are blurred over small distances. 

The method is most useful for examining objects in 
which, by normal techniques, repetitive detail is masked by 
overlying layers, such as, for example, in secondary sur- 
face heat exchangers; full details of the techniques de- 
developed will be published shortly, it is hoped, in the 
Journal of Scientific Instruments. 

Full details of tomography 
elsewhere.* 


have been published 


Mr. Laithwaite: In reply to Mr. Beatson, I have seen 
some brazed joints produced with the use of argon, and it is 
clear that the joint is rather better than if it had been done 
in air. We have always been aware that we were sacrificing 
quality to some extent by not using argon, but we felt this 
was worthwhile in view of the simplification to the 
equipment. 

There is no special ‘trick’ about the brazing technique. 
We ourselves were surprised to some extent at the success 
we achieved. However, we are reassured after preparing 
some thousands of test pieces which showed complete 
consistency. The joint is brazed very quickly, reaching full 
temperature in about a minute, and this allows oxide little 
time to form; also the clearance between the tube and the 
sleeve is very tight, thus restricting the air flow into the 
joint. Perhaps we also derive some effect from the restric- 
tion due to the copper rings themselves. On the subject of 
interferences, we did not investigate them very thoroughly 
because they were not of direct interest to us, but we did 
do some specimens in which the tube had to be pressed 
hard into the sleeve and it seemed that the copper had filled 
the joint quite satisfactorily. 

The photograph shown in Fig. 7 is enlightening to some 
extent. The joint has been split open by sawing it down the 
middle and unwrapping it. The edge of the copper can be 
seen, particularly on the right-hand side. There is a small 
area that is not wetted by the copper, but in this particular 
joint the bore of the sleeve was slightly oval and wetting 
had not taken place over the whole surface. 





* J. B. McDOoUuGALL: “Tomography”: H. K. Lewis Ltd., London, 
1940 
M. WEINBREN: “A Manual of Tomography”, H. K. Lewis Ltd., 
London, 1946. 
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Joint Discussion on the Papers* 


THE FUTURE OF NUCLEAR POWER 


By J. V. Dunworth 


WELDING PROBLEMS IN FUTURE REACTORS 


By 1. H. Hogg 


Mr. C. A. Rennie (Atomic Energy Research Establish- 
ment, Harwell) presented the paper by Dr. Dunworth. 


Discussion 


Mr. J. E. Roberts (Colvilles Ltd.): Mr. Hogg states that 
he wants good creep properties, good fracture properties, 
and easy weldability. | should like to ask how he intends 
to measure these properties in weld deposits. As steel- 
makers, we feel that we are well on the way towards pro- 
viding these properties in the parent plate, but it seems that 
there may be some difficulty in getting comparable pro- 
perties in a weld deposit. The question of how to deter- 
mine whether a weld is good enough, particularly with 
respect to creep properties, is one on which we should like 
other people's views. 

There is also the problem of who is expected to develop 
the methods of welding these steels—the steel manufac- 
turers, the welding electrode industry, the welding fabri- 
cation companies, or the ultimate user? 

Mr. Hogg also remarks that future stations will require 
either thicker plates of present qualities of steel, or low- 
alloy steels in the present thickness, and | wonder which 
alternative he would prefer. 

I assume that the water-cooled reactors with their thick 
shells were in fact shop-welded. If they were not, I should 
like to know how the fabricators dealt with the construc- 
tion of the vessels on site. 


Mr. J. A. McWilliam (Firth-Vickers Stainless Steels Ltd.): 
In connection with the light-water cooled and moderated 
reactor mentioned by Mr. Hogg on p. 484, I assume the 
stainless-steel lining is of type 304 low-carbon 19-9 steel, 
with a high coefficient of expansion. In the range of tem- 
perature mentioned, which goes up to 316°C, I should 
think that with the difference in expansion between the 
lining and shell there would be a tendency towards either 
corrosion fatigue or stress corrosion. | believe that the 
Nautilus suffered from that trouble in the early stages. 


Mr. E. V. Beatson (Joseph Lucas Ltd.): I did not realize 
that the thicknesses of stainless steel used in fuel con- 
tainers could ever be so small. Steel 0-005 in. thick is simply 
packaging is it not? Presumably strength is not wanted in 
such material, and if this can be used it should be fairly 
easy to seal such packages on site; in fact you would not 
have a cylinder but a bag which could easily be pre- 
fabricated. 


Mr. W. K. B. Marshall (Rockweld Ltd.): Is there any 
possibility of converting nuclear energy directly into elec- 
trical energy, and so avoiding the intermediate stage of 
heat? 

Dr. D. C. Moore (1.C.1. Ltd., Metals Division): Mr. 
Hogg referred in his paper to the canning of nuclear fuels, 
and mentioned that whilst beryllium has properties that 





* Brit. Welding J., 1957, vol. 4, Oct., pp. 475-482 and 482-488. 
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make it a very attractive canning material, there are major 
problems in welding it satisfactorily. Could he put us in 
the picture with respect to the present stage of develop- 
ment on the welding of beryllium? 


Mr. J. J. Haftke (Babcock and Wilcox Ltd): In regard to 
the thicknesses of the pressure vessels for the three industrial 
stations, it appears to be a rather remarkable coincidence 
that they are all 3 in. thick. Could Mr. Hogg throw any 
light on this? 


Mr. H. Crowther (W. J. Fraser and Co. Ltd.): I should 
like Mr. Hogg to let us have the benefit of his experience 
with equipment on this atomic energy plant where stain- 
less-steel, centri-spun cast flanges have been welded to 
connections on pressure vessels which operate at low 
temperature. 


Authors’ Replies 

Mr. Rennie: In reply to Mr. Marshall, the answer at the 
present time is ‘No’. We do not know any way of convert- 
ing nuclear energy directly into electrical energy. In the 
actual process of fission a neutron hits one of the fissile 
atoms, which splits, and the immediate effect is that the 
two fission fragments come out at very high speed. You 
cannot make use of this speed directly, and in practice the 
fission fragments almost immediately lose their energy to 
the other atoms surrounding them. There is such a short 
time interval between the instant of fission and the time 
when the energy reappears as heat in the adjoining atoms, 
that I do not see that much can be done 


Mr. J. F. Lancaster: What about fusion reactors? 


Mr. Rennie: This is much the same problem, although 
there is in one sense a better possibility of utilizing the 
energy directly. In the fusion reaction one has the reverse 
process: instead of an atom splitting, two atoms fuse with 
each other and release energy. It so happens that the 
methods so far proposed for achieving this involve charged 
particles and magnetic fields, so that in principle it should 
be possible to generate electricity directly, but at present 
I do not know of any practical proposal for doing it. 


Mr. Hogg: The development of electrodes with creep 
properties to match the parent plate certainly requires 
investigation. | would have liked to hear the views of the 
electrode makers on this problem. I feel that it is up to 
industry to undertake these investigations. The steel- 
makers will sell a considerable amount of steel, the elec- 
trode makers will sell a considerable amount of electrodes, 
and the contractors will make a great deal of money build- 
ing stations, and | would have thought that they should 
get together to carry out this kind of development. 

On the question of thicker plates versus low-alloy steel, 
we know something about the welding of thick mild-steel 
plates, but know little about the welding of thick low-alloy 
steels; again, a development programme is required. My 
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own feeling is that for quite a time the tendency will be to 
use the more conventional steels, possibly going to greater 
thicknesses. 

The light-water cooled reactor was shop welded, but at 
some stage such vessels will become too big to transport. It 
may well be that in the future we shall be faced with the 
welding of very thick steels on the site, but it is possible to 
make site conditions like shop conditions if a temporary 
shop is built. Care has to be taken to ensure that there is 
adequate crane capacity on site. 

Mr. McWilliam has mentioned a serious problem. We 
are not going in for the light-water cooled reactors of the 
Shippingport type, and the Shippingport station is not 
running yet. One of the features that worries me is the 
lining coming away from the mild steel, and it will be of 
interest to see after a few years of service whether this 
trouble is encountered. Presumably the Americans are not 
now having trouble with their submarine reactors, and 
they are hoping that they will not get it at Shippingport. 

The question of fuel containers concerns the whole 
philosophy of fuel element design. The container can be 
two things: it can simply serve as a protection for the fuel 
ind a container for the fission products, or it can be used 
is a strength member in giving strength to the fuel element. 
This depends on the type of fuel. With extremely thin 
cans, the rod inside would have to be 
nechanically sound itself. A flexible container of powder 

nnot be inserted in the reactor, because of the problem 
f fitting the elements into channels and of cooling them 
\ fuel which was self-supporting and strong could be 
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contained in a thin can. As far as | am concerned there is no 
reason why resistance welding should not in fact be used. 
An additional problem is the transferring of the heat of the 
fuel to the coolant, and it may be that we shall want 
extended cooling surfaces, in which case there is also the 
problem of attaching the fins to the can. 

Beryllium is an extremely difficult metal to weld. The 
metal itself is in an early stage of development, and the 
problem of ductility, both of the metal and the weld, will 
require considerable work. 

The thicknesses of reactor vessels, mentioned by Mr 
Haftke, involve the question of the steel supply, and of 
ensuring a supply of sound plate without laminations. It 
would be embarrassing to steelmakers if somebody chose 
3-in. steel and somebody else 24-in. steel, and so on. The 
principle behind the designs of the first C.E.A. stations was 
that they should be relatively conservatively designed and 
should remain within the limits of known technology. Thus, 
in deciding the thickness of the pressure vessel it was felt 
that an increase from 2 in., as used at Calder Hall, to 3 in 
was reasonable, both as regards the plate and from the 
fabricator’s point of view 

An interesting problem is whether, if we are going to 
thicker vessels, multi-layer vessels should be used, and if so, 
how do we make them in these sizes? 

Our experience with stainless steel has been purely on 
chemical plant: it was relatively thin metal. In fact, we have 
demanded very high quality stainless-steel fabrication, but 
it has been in the relatively light chemical plant and not in 
heavy pressure vessels 


THE WELDING OF ZIRCALOY-2 


By J. G. Purchas, D. R. Harries, and H. Cobb 


THE WELDING OF URANIUM 


By J. R. C. Gough and D. Roberts 


Mir. J. F. Laneaster (Kellogg International Corporation): 
in regard to the paper by Purchas, Harries, and Cobb, I 
ught that there was a fear at one stage of corrosion 


the heat-affected zone of Zircaloy welds due to carbide 
ecipitation, or alteration in the form of structure of the 
one. If that is correct, does that fear still exist and, if so, 


) 
serious 


On the question of the welding of uranium, I should like 
to comment on the mode of metal transfer. The role of 

irface tension is a problem, of course, in connection with 
inert-gas metal-arc welding cf all metals, and it has been 
studied particularly in the case of aluminium, where the 
Americans have done a number of tests, and also the 
B.W.R.A. It has been shown that there are two distinct 
ranges of metal transfer: one in which the transfer is 
globular and occurs in the form of large slow-dropping 
droplets, and another in which transfer is in the form of 
very small droplets, which are projected across the arc 
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with a definite force. It was achieving the latter type of 
‘spray’ transfer which made inert-gas metal-arc welding of 
aluminium a practical proposition. Calculation of the size 
of droplet which could be supported by surface tension in 
aluminium shows this to be about the size of the globules 
to be found in the large-droplet transfer region. On the 
other hand, the size of the droplets as calculated by the 
rate of transfer in the spray transfer region is very much 
smaller than that which would be supported by surface 
tension. In other words, the calculation suggests that in the 
spray transfer region there is a positive force which is 
detaching the droplets long before they would drop off 
naturally because of their size. 

As to the origin of that force, | would suggest that it is 
due to surface ebullition of the droplet. My conjecture is 
that, in the ‘spray transfer’ region, when the droplet 
reaches a certain size, the surface temperature rises to the 
boiling point. The resulting outflow of aluminium vapour 
from the surface then deflects the anode spot from the tip, 
causing it to take up an annular form around the upper 
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surface of the droplet. The pressure build-up caused by 
ebullition in this region is then sufficient to exert a down- 
ward force which detaches the drop. 


Mr. P. T. Houldcroft (B.W.R.A.): The authors should 
not be surprised that spray transfer could not be obtained 
on a !-in. dia. wire at 100 or even 300 A. Have smaller 
wires been tried? It would have been helpful if the investi- 
gators had first determined the burn-off curve for uranium 
wires of various thicknesses and determined the threshold 
current oscillographically. Resistance heating should not 
be an insuperable difficulty, because it is possible to intro- 
duce the current at the end of the contact tube quite close 
to the arc. Sometimes resistance heating can be turned to 
advantage to increase the rate of metal transfer. 

| think that Mr. Lancaster is right when he points out 
that the effect of surface tension is different in the ‘sub- 
threshold’ range and in the ‘normal’ welding range where 
the drops are small. However, the exact role of surface 
tension is not yet understood. 

In regard to the fishbone test, the size of the test piece 
used was 2} 1} in., a size which was designed for alu- 
minium alloys. The function of the test is to obtain a 
thermal gradient between the centre and the edges which 
will tend to cause the test piece to bend apart and subject 
the weld bead to strain. With increased width of the speci- 
men, the material on either side of the melt run can become 
sufficiently rigid to prevent this bending apart, so that the 
strain and the severity of the test are reduced. In designing 
this test for a specific material, a size must be chosen to give 
the right temperature gradient; it will vary according to the 
conductivity of the material. For welding magnesium 
alloys it is necessary to reduce the width of the specimen 
to I} in., because of the lower conductivity. We have 
successfully used this test recently on certain alloy steels, 
and again we had to reduce the width of the specimen to 
just over an inch. We were able to sort out quite fine 
differences in hot-cracking tendency in steels of the 
SAE 4130 type, and we are using the test on mild steels 
to investigate the effect of various residual elements. | 
think that the test did not work with uranium simply 
because the wrong size of specimen has been used, and I 
should be interested to hear of the results of any repeat 
tests which the authors might carry out. 


Mr. H. O. Willrich (Ministry of Supply, A.R.D.E.): It 
would have been interesting to see the two macrographs 
of resistance welds in the paper by Gough and Roberts at 
a higher magnification; it looks as if there are fairly large 
heat-affected zones, but what is actually happening is not 
clear. There is a dark dividing line which looks as if the 
sheets had opened up after welding. This may be due to the 
fact that foot-operated machines are being used, with in- 
sufficient pressure. 

With regard to the procedure mentioned on p. 402, I have 
made a few spot welds in uranium and I find it unnecessary 
to use any sort of inserts between the sheets. I also tried to 
raise projections, but I found that all projections, even 
small ones, had a tendency to crack open in the pressing 
process. Could the authors give any information on that? 

I do not think that there is any need to worry because 
electrode tip diameters do not conform any longer to the 
formula d=, (t). That only applies to mild-steel welding. 

The authors mention using high-resistance electrodes, 
but do not state what type of electrode they used originally. 


Mr. A. R. Moss (Ministry of Supply, A.R.D.E.): Mr. 
Gough and Mr. Roberts are to be complimented on supply- 
ing certain new data in connection with the welding of 
uranium. As much of this is of a physical and metallurgical 
nature, it is hoped that they will release, in due course, 
more information on the strictly welding aspects of the 
subject. 
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Did the authors compare the performance of helium 
with argon? As the former would give rise to a higher arc 
voliage, the burn-off characteristics of uranium might be 
enhanced. 

No reference is made to the use of alternating current. 
It has been shown* that for certain metals the use of this 
current supply drastically reduces the globule size. 

With regard to electrode coatings, it seems strange that 
the authors have dealt only with oxides. Perhaps other 
substances were used and found unsuitable; if so, informa- 
tion on these would be appreciated, as also would be data 
on the arc voltages produced when using them. 

The authors mention that the argon used was purified 
but do not state to what degree. There is some indication 
that it was not highly purified. 


Mr. W. G. Hull (B.W.R.A.): | would question the 
preference of Mr. Purchas and his colleagues for welding 
Zircaloy-2 at reduced pressure, that is, 160 mm Hg. They 
state that since the volume of argon present is reduced, the 
overall purity of the shielding atmosphere is improved 
This will depend to a large extend on the leak rate and 
outgassing characteristics of the equipment which, if high, 
would lead to a significant deterioration in atmosphere 
purity. The paper suggests that the leak rates were very 
low, but this is not always the case with vacuum systems: 
1 would have thought on the whole it was preferable to 
weld at atmospheric pressure, as is the normal procedure 
in our own work. 

With regard to corrosion performance of welds, the 
authors have indicated that a major factor responsible for 
poor corrosion performance is the contaminated surface 
layer, and that if this is removed, ‘breakaway’ corrosion is 
absent in a 14-day test even with material high in carbon 
However, the test periods reported are relatively short, 
and I would be interested to know whether longer-term 
tests have been carried out to compare the corrosion resis- 
tance of the joints in terms of ‘breakaway’ time with that 
of the parent material 

In searching for alternative methods for joining zir- 
conium, the authors have obtained promising results with 
projection welding. | wonder whether solid-phase welding 
has been considered, in view of reports that the materia! 
lends itself readily to this method of joining? One major 
advantage would be the much lower temperatures involved 
than in fusion welding, and thus the virtual elmination of 
gas contamination problems 


Mr. E. V. Beatson (Joseph Lucas Ltd.): With regard to 
resistance welding of Zircaloy, I take it that projection 
welding was used on the bars. | would suggest that pressure 
welding, even on tubes with a shroud of argon, might still 
be better. 

There seems to be some error in Table III, which states 
that for specimens 7 and 8 the following conditions give 
excess flash: 9600 A, 5-5 cycles, 710 Ib. Yet for specimens 
11 and 12 the same current and pressure for a longer time 
are stated to give incomplete fusion. This seems to be the 
wrong way round. 


Dr. D. C. Moore (1.C.1. Ltd., Metals Division): The 
work by Purchas, Harries, and Cobb is really elegant, and 
will be particularly useful in defining suitable in-chamber 
techniques for welding zirconium and its alloys for use 
under the conditions that obtain in certain nuclear re- 
actors. Because of size limitations, however, some com- 
ponents for such applications will have to be welded in the 
‘open air’, and even with the most elaborate precautions 





* A. R. Moss: Proc. Inst. Elect. Fng., 1955, vol. 102, Part A, 
No. 1. 
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and procedures it will be difficult to guarantee argon-arc 
welds having a sufficiently low nitrogen content to ensure 
good corrosion resistance. In such cases other welding 
methods might be much more appropriate. For example, 
zirconium may be considered as similar to titanium, which 
has excellent hot pressure welding characteristics in the 
temperature range where the oxygen and nitrogen absorp- 
tion rates are low; such a technique would surely be parti- 
cularly applicable to zirconium and its alloys. 

Mr. Gough and Mr. Roberts in their very interesting 
paper also describe in-chamber argon-arc welding, but as 
applied to uranium and relying on a flushing and gettering 
technique to provide a fairly pure argon atmosphere. With 
titanium we have found that this is not a particularly 
effective method for ensuring a pure enough atmosphere. 
We consider that the evacuation technique is much more 
reliable, and that it gives reproducible conditions. Indeed, 
the authors show photographs of uranium welds made in 
their chamber, and surface discolouration is apparent, 
which would indicate that the atmosphere obtained was 
perhaps not as pure as they have suggested elsewhere in 
the paper. In addition, it is clear that there was some 
oxygen pick-up within the weld metal, but such as it was 
it had no great effect on weld hardness and presumably on 
other properties. Since some oxygen can clearly be toler- 
ated, is it not reasonable to suggest that ‘open-air’ argon- 
are welding, with suitable protective backing arrangements 
and other precautions, might not be more appropriate 
than the cumbersome in-chamber technique? 

As regards the oxide films that were found in the welds, 
one would have expected that the density of the oxide 
would be considerably less than that of the metal, and that 
in consequence it would easily escape to the upper surface 
of the molten weld metal. Perhaps the authors would 
comment on this feature. 

As far as the work on resistance welding is concerned, I 
was interested to see that the mechanical properties and 
hardness of uranium fall off quickly with increasing tem- 
perature, and this is apparent in the photomicrographs of 
typical spot welds, which in one case show excessive in- 
dentation. In the sections shown, the impression is given 
that flat-ended electrodes had been used. In view of the 
considerable softening that occurs in heating uranium, 
would it not be more apt to use domed electrodes of the 
type that are so popular for aluminium? 


The Chairman (Professor J. G. Ball): I do not find any 
reference in the paper by Mr. Gough and Mr. Roberts to 
the transformation effects in the uranium. I think it is 
particularly pertinent to the point raised by Mr. Willrich 

yncerning the structure of the heat-affected zone. If 
iranium, which contains }°, chromium, is used at very 
high rates of cooling, there is a possibility of beta retention, 
which would have a significant effect on the findings in the 
paper. A small difference in alloy composition would be 
likely to have a profound effect on the findings. 


Authors’ Replies 


Mr. Purchas: In reply to Mr. Lancaster, the question of 
corrosion in the heat-affected zone due to carbide precipi- 
tation is not really serious now, because we are using 
practically all arc-melted zirconium. Even with graphite- 
melted material, corrosion-resistant welds can be made so 
long as welding is done in a chamber which has been 
evacuated to approximately 10-* mm Hg before partially 
filling with argon, and the weld is shot-blasted and pickled. 

We used the method of welding at reduced pressure, 
because it is much more difficult to construct a vessel which 
is to withstand both pressure and vacuum conditions, 
particularly where drive mechanisms etc. are involved. 

We detected very little out-gassing on filling with argon. 
There was no pressure rise during the filling of the vacuum 
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chamber subsequent to evacuation. We did detect a small 
pressure rise before we could introduce the argon, but this 
represented a leak rate of the order of 5 microns per 
minute, and we assumed that this was out-gassing from 
the nickel-plated copper. 

As far as corrosion testing is concerned, we have had 
ample evidence that specimens initially tested for up to 
14-18 days in autoclaves did not subsequently corrode 
when they were put into service at these temperatures over 
a period of up to 3 months. In fact, colleagues in the 
U.S.A. have used initial autoclaving times of 48 hours, and 
consider this sufficient. Another factor was that autoclave 
space was limited. We should like to test for eternity, but 
that would only prove that anything will corrode eventu- 
ally! 

We could consider pressure welding, but we feel that the 
weld time, and the area of heat-affected zone, would be too 
great. In our experiments it was thought that possibly the 
most practical method to meet immediate requirements 
would be to adopt a short heating time, and whatever 
oxides were included in the weld initially would be squeezed 
out by the forging pressure. 

The projection welds shown in the paper were made 
using two short lengths of bar. The projection form used 
(i.e. annular inverted VW) was chosen because the final 
product was to have a geometry similar to that of the 
argon-are welds. We have made some bar-to-tube welds, 
but are having some difficulty with the two components 
having different thermal capacities. In fact, the main prob- 
lem is not one of obtaining a corrosion-resistant weld but 
of designing the correct projection form. 

In regard to Table III of the paper, in this work we were 
aiming at a high standard of weld; having raised a pro- 
jection on one piece of the material, we were still able to 
detect the oxide formation of this flattened projection, and 
therefore referred to this as incomplete fusion. We are 
aiming at extruding most of this out into the flash. 

We have found the protection of welds by argon 
flushing alone is insufficient to prevent oxygen pick-up. 
Similarly, the use of a welding chamber through which 
argon is flushed does not prevent diffusion of oxygen into 
the welding atmosphere until high flushing pressures are 
reached. The total exclusion of oxygen and nitrogen is very 
difficult by this method, but evacuating the chamber to 
10-* mm Hg before introducing the welding atmosphere 
reduces the contaminating gases to a tolerable amount. 

As Dr. Moore points out, the size of the components to 
be welded is a difficult problem. One approach to such 
work is to use local shielding around the torch; this has 
been used in the U.S.A., but not for welds to resist high- 
temperature water corrosion. Another method is to use 
short weld runs, so that the material only remains for short 
periods at temperatures at which it getters oxygen and 
nitrogen. In our work, however, we have shown that the 
only satisfactory method is to use an in-chamber tech- 
nique, and I feel sure that anybody who is contemplating 
the use of zirconium will have to build large vacuum cham- 
bers, which can be designed to be extendable as necessary. 
In addition, the component design will have to be 
governed by the need for remote welding within a chamber. 
We are now having a chamber built which is capable of 
being evacuated to 10-° mm Hg and filled with equipment 
to handle work up to 6 ft long, 8 in. dia., and weighing 
600 Ib. 

Mr. Gough: We are indebted to Mr. Lancaster for his 
comments on the role of surface tension in metal transfer. 
It would appear that the value of the surface tension 
determines the droplet size in the region of globular as 
opposed to spray transfer. Hence it is reasonable to postu- 
late that a reduction of surface tension by the influence of 
electrode coating materials might significantly affect the 
size of droplets in the globular transfer range. However, as 
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stated in the paper, no such effect was found. Surface ten- 
sion would appear to have a small and perhaps negligible 
effect on metal droplet size in the range of spray transfer, 
which has never been attained in our experiments. Uranium 
wire down to y;-in. diameter has been used, with no signi- 
ficant difference in the transfer characteristics; finer wire is 
somewhat difficult to come by, although work is proceed- 
ing on this aspect. 

Mr. Houldcroft’s comments on resistance heating agree 
closely with our views expressed in the section on bare wire 
metal-arc welding in argon atmosphere, and with the 
results of Wilson. It is important, however, to distinguish 
between uranium metal-arc welding, in which resistance 
heating can prove a real obstacle, and continuous inert- 
gas-shielded metal-arc welding, which has not yet been 
tried owing to the lack of suitable uranium wire, as men- 
tioned above. 

The fishbone test has clearly found wide application in 
the determination of hot-cracking tendencies of a range of 
materials. With reference to the size of test specimen used, 
the size illustrated is one of a series having different dimen- 
sions. Attempts have been made to initiate edge cracking 
in uranium samples of various widths ranging down to the 
smallest manageable, without success. Furthermore, when 
we are concerned with the setting up of a thermal gradient 
in a material, surely thermal diffusivity, and not thermal 
conductivity, is the important property. If calculations are 
made on this basis, it will be found that the size of specimen 
to be used for uranium is very similar to that for SAE 4130 
type steel. Finally, it should not be assumed that every 
material will necessarily respond to any given empirical 
test for weldability provided that suitable test specimen 
dimensions are chosen; response will depend on the in- 
herent properties of the material. 

In reply to Mr. Willrich, the dark dividing line appearing 
in the macrostructures of resistance spot welds are acetone 
stains and not gaps between the sheets. W> have no infor- 
mation on the raising of small projections on uranium 
sheet, but consider that the cracking mentioned in this 
connection is compatible with the room-temperature 
mechanical properties. We may have given the impression 
in the paper that the formula D=¥ (rf) is applicable to 
uranium; as Mr. Willrich points out, this is not necessarily 
so. The use of high-resistance electrodes is mentioned as a 
method of overcoming possible difficulties which would be 
expected when spot welding sheets of widely differing 
thicknesses. It has not been found necessary to use them 
on uranium, and we have used normal copper electrodes 
throughout. 
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We have not used helium as a shielding gas. Alternating 
current has been used for metal-arc (as well as argon-arc) 
welding experiments, but its use made no significant differ- 
ence to the globule size or to the mechanism of metal 
transfer. Although we have mentioned only oxides as 
coating materials, we have also tried chlorides and other 
inorganic substances in connection with the development 
of metal-arc welding. We have made no special study of 
are voltages. Mr. Moss’s last question concerns the argon 
purity. This was such as to maintain a violet-blue colour in 
the discharge tube; in other words, the total impurity con- 
tent was certainly lower than 50 parts per million, and 
probably much less. 

In reply to Dr. Moore, the argon atmosphere we used 
was continuously recirculated and repurified, rather than 
simply flushed through the welding chamber. It is possible 
that a higher purity could be obtained by prior evacuation, 
but this would entail extensive modifications, which in the 
case of uranium do not appear to be justified. As we have 
mentioned in the section of the paper on chemical proper- 
ties, titanium is a rather special case in that it is subject to 
pronounced oxygen embrittlement. Surface discoloration 
is taken by Dr. Moore to be indicative of an appreciable 
amount of oxygen present as impurity in the argon atmos- 
phere; this may be valid for titanium, but it may be that 
uranium welded in argon with prior evacuation would 
show the same discoloration. 

We have no evidence that it is oxygen pick-up that 
affects weld metal hardness and other properties; other 
mechanisms could be responsible. ‘Open-air’ argon-arc 
welding is used extensively on uranium, particularly when 
welding large pieces; however, this results in more surface 
oxidation than welding in a total argon atmosphere. The 
use of an argon ‘box’ is particularly desirable when making 
welds requiring the use of filler rod. The density of uranium 
oxide is more than half that of the metal, and under suit- 
able conditions it would be expected to rise to the surface 
of the weld pool. This argument could also be applied to 
the escape of argon, where the density difference is much 
greater, and it will be remembered that we have suggested 
mechanical entrapment of argon as a possible cause of 
porosity in uranium welds. The separation of heterogene- 
ous impurities depends to a large extent on the rate of 
solidification of the weld metal. 

The work on resistance spot welding was exploratory, 
and for this purpose flat-ended electrodes were adequate. 

The composition of the uranium used was such as to 
eliminate the possibility of beta retention mentioned by 
Professor Ball. 
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REPORT OF COMMISSION XIII: Fatigue Testing 


RESULTS OF 


INTERNATIONAI 


FATIGUE TESTING 


PROGRAMME ON BUTT WELDED JOINTS 


INTRODUCTION by D: 


r its meeting at Oxford in 1951, Commission XIII of 
A the 1.1.W. explored various possibilities of making 
better use of international co-operation for the solution of 
fatigue problems arising in welded construction. 

It was realized that the results of fatigue investigations 
carried out in one country were frequently used in another 
by designers and engineers who were not aware whether, 
owing to possible differences in materials and techniques, 
such results could in fact be applied with confidence. 

The Commission thought that interesting in- 
formation on this question might be obtained if a number 
of countries carried out identical series of tests on a very 
simple type of joint which agreed to partici- 
pate in this work were Belgium, Denmark, France, Italy, 
the Netherlands, Spain, Sweden, and the United Kingdom. 

In order to ensure that the conditions of testing should 
little as possible from ountry to another, 
decisions were made with regard 1e form and size of 
specimen, the weld preparation and cedure, the method 


of determining the 2 » 10° cycle limit d the calibration of 


some 


The countrie 


Vary as 


testing machines 

When the results of the tests became 

that uniformity in testing procedure 

Different countries have different types and 
of testing machines at their disposal. This in itself 
difficulties, and adherence to practices well estab- 
red in the past in some cases prevented the adoption of 
the recommendations of the Commission. This is probably, 
st in part, the explanation of the very wide divergence 
in the results obtained, though it is perhaps difficult to 
believe that mere differences in procedure could account 
for such large discrepancies 

The results, which are summarized in Table I, underline 
the great importance that must be attached to the efforts 
of the Commission to unify testing procedures. The second 
important conclusion to be drawn is that the results of 
fatigue tests carried out in one country cannot be used 
with confidence in another country. Finally, the fact that 
the results obtained in some countries are very much better 
than those obtained in others suggests that there may be 
appreciable scope for improvement in the fatigue strength 
of welded joints if further investigations can be carried out 
to discover the circumstances to which these differences 
are attributable. 

Ihe results contained in this report are not meant to be 
used by the designer of welded structures; the Com- 
mission hopes, however, that they will prove an incentive 
for the continuation of the work on similar lines, under 
more accurately controlled conditions, with the object, 
first, of discovering whether the differences arise because 


ible, it became 
had not been 


ciear 


achieved 


res 
creates 
} 


lis 


it ica 





Slightly abridged version of 1.1.W. Documents XIII-111-56 and 
XIL1-124-56. The full text may be obtained from the Technical 
and Scientific Secretariat of the I.1.W., 32, Bd. de la Chapelle, 
Paris (18e). 
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of differences in the materials or techniques used, and 
secondly, of improving the fatigue strength of welded 
joints in general. Ultimately, this work cannot fail to pro- 
vide the designer with more reliable information on the 
fatigue strength of welded joints than is at his disposal at 
the present time. 


SUMMARY OF REPORT by R. Cazaud (France) 

The organizations in the different countries who offered 
to collaborate in the test programme were given complete 
freedom as regards the choice of parent steels and filler 
metals, and as regards the welding and testing techniques, 
but they were asked to comply as far as possible with the 
recommendations drawn up by Commission XIII (docu- 
ment XIITI-31-53). 

Number of Cycles in the Tests—2 million cycles for all 
tests. 

Numerical Values of Fatigue Strengths—The representa- 
tives of certain countries did not originally indicate 
whether the fatigue strengths (at 2 million cycles) corre- 
sponded to the maximum stress ¢, (in kg/mm*) reached 
during the cycle, including the initial stress o) applied 
(according to the definitions of the fatigue test o, 

2 kg/mm*). 

Since, in the tests carried out by different organizations, 
values of the initial stress were 0, 1, 2, or 4 kg/mm*, de- 
pending on the equipment used, it is important to specify 
clearly the value of the actual stress range. 

The fatigue strength given should thus preferably indi- 
cate 00, —Gp. 

To prevent any ambiguity, therefore, the results in 
Table I show the minimum value and the maximum value 
of the stress in the cycle of tests. 

Test-pieces—With the exception of results outside the 
programme of the Commission or obtained before the 
adoption of the test piece with the Salet transition profile, 
the results given by the majority of countries who replied 
to the enquiry are for this type of test-piece. Certain 
countries only used this test-piece for the parent metal, 
others for all types of test-pieces. The other test-pieces used 
are shown in Figs. 1-4. 

Calibration of Machines and Checking of Axiality—The 
calibration carried out in Belgium, Italy, the Netherlands, 
and Sweden, revealed errors of 2 to 10°, in the stresses 
measured. Indications were not always given of the method 
used for calibration or for checking that the loading was 
truly axial. 

Parent Metals—The steels used were produced in each 
of the countries carrying out the tests; mild steels were 
used with ultimate strengths of 40-50 kg/mm. The steels 
were produced by the open-hearth process, and from the 
chemical analyses it appears that they were generally killed 
or semi-killed. 
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Table I 
RESULTS OF FATIGUE TESTS 


Test piece with Salet transition profile used, except where otherwise stated 





| | 
| Fatigue 
| | Limit 
Testing Testing {xiality Min Parent Metal | Electrode | Welding No. | Specimen f at | Remarks 
Countr Machine Check in ( Mechanical | Type Conditions | of Condition x 10* 
Tests Properties in | | Tests | cycles, 
kg mm kg/mm?*)* | | E mm? 
| 
{ Amsler, 100- | None | 1 Mild O.-H. steel | Rutile } Single- V groove; | 12 Unmachined 1-15 | Specimen as 
ton load | C, 0.20 P | | 325-4 mm dia | weld | | in Fig. | 
7580 c/min | 0-06 S. 0-06 | electrodes: 120 5 | Unmachined | a-85 | 
frequency | Si, 0-20 ‘High 140 A current | weld, annealed | 
weldability 
U.T.S. 42:50 | | 12 | Machined weld | 1-17 | 
| CHS 42-50") | 
| : $s | Machined weld, 1-20 
| | | | annealed | 
| | } | | 
1 Amsler (as None | i Mild O.-H. steel | Deep-pene- | No preparation, | 3 for Unmachined | Specimen as 
above) and | Cc, 0-18 Mn, tration, 2 runs | each | weld in Fig. 1 
Schenk, 20- 1-2 Si, 0-25 6 different | 8-mm sheet | sheet 
ton load P 0 006 Ss types 3:25-mm dia., | and | 1-12 | 
2000 ¢/min | 00-03%. ‘High | 140-200 A | elec- | | 
frequency weldability’, 4-mm, 160-220 A} trode 1-16 
T.S. 45 | 10-mm sheet | 
CHS 45°) | 4-mm dia | 1-12 
| j 200-240 A | | i 
5-mm, 230-280 A i 1-19 | 
12-mm sheet | 
4-mm dia., 1-12 
180-240 A 
S-mm, 230-320 A} 1-20 
6-mm, 280 A | 
| 
i Amsler (as None | l Mild O.-H. steel | Deep pene- | Single- V groove; | 12 | 15 Specimen a 
above) | HS 42°50 | tration 3-25-mm dia | | in Fig 
| | | electrodes | | 
| |} 120-140 Acur- | 
rent | | 
| | | 
B Losenhausen, | 4 Killed mild O.-H Basic | 6 Parent metal 4-34 Specimen a 
10, 17, and steel: C, 0-16 | 6 Machined weld 4-32 in Pig. 2 
20-ton loads | Mn, 0-80 Si | 
0-15%;8,0-048 | 
P, 0-018 Cu, | 
0-20 Ni.0-17 
U.T.S. 49-2, Y.P 
39-5, Elong. 22 | 
< | Amsler, 50- Gauges | + Mild steel: € | Acid | 60° single-V | 7 | Parent metal 4-31 
ton load, | 0-08 ®,; Si, 0-20; | groove, horiz | | polished 
calibrated | Mn, 0-58 °,; S, | | weld | 14 Unmachined 4-19 
by gauges | 0-06 P. 0-02 | weld 
| U.T.S. 40°5 42 8 | Machined weld 4-3] 
Y.P. 27-5-28 | 
Fiong 31-2 
52.7 | 
- | 
- wes 4 -\— = . 
| 
D Amsler, 50- | By squares 4 Unkilled mild | Cellulosic Downhand, 5 Parent metal 4-2 
ton load O.-H. steel: € | 4 runs and ; 10 Unmachined 4-19 
$00 ¢/min 0-12%; Si, 0-01 3) sealing run | weld 
frequency |} Mn, 0-35%; P, | | 7 Machined weid 4-24 
0-020 Ss, 
0-022%. U.T.S. | 
40-1, Y.P.22-4, | | 
Elong. 25-5. Spec. | 
machined parallel 
| to dirn. of rolling 
D As above * ‘ 4 As above | Basic As above | 8 | Unmachined 4-20 
weld 
| | 6 | Machined weld | 4-23 
| | | 
D | As above oo 4 As above, spec | Basic As above 9 | Parent metal 4-29 
machined trans- | | s |} Unmachined 4-15 | 
| versely to dirn | | | wel | | 
| of rolling | | 7) Machined weld 4-27 | 
D As above |» » | 4 Unkilled mild Basic | As above ; 10 Unmachined 4-20 
| O.-H. steel C. weld ne 
| Me 0 ats, 10 Machined weld {<3 | 
| | 0-040°%; P, | | | 
| 0-018 °,; spec | 
| | | machined parallel | 
| to dirn. of rolling; | | 
| | U.T.S. 40-4, Y.P. | 
| 27-5, Elong. 34%, | | | 
; | Impact value 7-1. | | | 
| | | 

















* Impact values, where given, refer to tests on a Mesnager specimen 
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Table I—continued 
RESULTS OF FATIGUE TESTS 
Test piece with Salet transition profile used, except where otherwise stated 























} 
i 
I ’ Testing Axiality Min Parent M Electrode Weldir N s ” 4 Ren 
Cou Machine Check n (Mechanica lye C ondition f Con , 
Test Pr r Te 
keomor ke mm’)* nme 
1. 
p Amsler, 50 By squares 4 Steel as above, spec Cellulosic Downhand 4 Parent metal 4-29 
ton load achined trans 4 runs and 8 | Unmachined +-19 
00 ¢/min versely to dirn. of sealing run weld 
freque rolling; U.T.S 7 Machined weld 4-28 
40°8, Y.P. 28 
Elong. 31 u 
pact vaiue 3°6 
D Asa 4 Killed d0.-H Cellulosic As above 6 Parent ta 427 
steel: C,0-14 ) Unmachined f4-20 
™, O20 Mn weld (4-1 
Sy fei ~ 9 Machined weld |} 9 55 
achined paralle 
to dirn. of rolling 
U.T.S. 40-4, Y.P 
27°5, Elong. 34 
pact val 71 
I S " Basi 10.-H Rutile 60° single-V 1 Parent metal 0-28:2 | Specimen as 
el: C, 0-208 groove, 4 runs 1 Machined weld 0-25-¢ Fig 
nn Mn, 0-540 and sealing run 
Ss 0-050 
P. O-OI18 
S. 0-035 
( 0-160 
Ni 0-310 
A). 0-004 
\ {> OS 
N Wd 
< m9 
Schenk K O.-H Basic 60° single-V, 9 Machined weld 2-16 
t : ( 2 2-mm root gap 
Wn 3 5 runs 
“MA 
| 
} 
. 7 ; x Parent metal le~ 
‘ Hi (2-30 
( Bas 60° single-V 10 Machined weld 2-25 
M ; groove 
» R c As above 6 2-2 
Acid 6 2-23°5 
' Spec mens 
| N : ground flush 
| ( ‘ iongitud 
| 4s nally 
t 
As ab 2 S Be As above 6 Machined weld 2~26°5 
7 Machined weld 2-26°5 
Cc .( annealed at 
M wo ¢ 
S Pe Parent metal 2-30 Specimens 
c 4 | 7 | Parent metal 2-30 polished 
P ) | annealed longitudi 
S ; 4h at 300 ¢ 2-31 nally 
N, 0-01 | 7 Parent metal 5°5 As-rolled 
H Losenhauser 2 Ba O.-H 6 Parent metal 2-32 Specimen as 
60-ton load steel: ( R | in Fig. 4 
660 ¢/min Si, 0-24 Ba 12 Machined weld 2-28 Specimens 
frequency Mn 64 12 Machined weld 2-32 ground flush 
| calibrated P, 0-009 longitudi- 
| by strain S, 0-046 nally 
| gauges < O-11 
( 02 
* Impact values, where given, refer to tests on a Mesnager specimen 
< 
30-80 80-100 R=iOO ad 
~~ a + vf A 
¥ _ = - ’ 2) 
~ n = z o 
} . A : is ° . i] 
> bd 80 
. ‘ > F57-S9t*O7-SPh65 67:5 9957S —_— a 7” 7 
L & 315 o \ 4 + 400 
= 200 ~ 10S 50% 110 =SO 105 
= 420 aa 
Pig. 1 Fig. 2 Fig. 3 Fig. 4 
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4 Test-pieces used 
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Filler Metals—The type of covering was indicated in 
accordance with the standardized designations, or by the 
make of electrode used in the tests in each participating 
country. 

Radiographic Inspection—Radiographic inspection was 
carried out in all countries except one. 

Fatigue Tests on the Parent Metal—Rough-rolled un- 
annealed plates with the surface in the as-rolled condition 
were used for the parent metal, the thickness of the plate 
varying between 10 and 15 mm. Some results, however, are 
for plates with a polished surface (country C). 


In the results given, the fatigue strength (o,—o,) (at 


BY-LAWS OF THE 


The following is the text of the By-laws 


on 9th January, 


1. Throughout these By-laws the expression “The Articles” 
shall mean the Articles of Association of the Institute of Welding, 
and unless the context otherwise requires ““member” shall mean 
a corporate member and “member of any class” shall mean a 
corporate member or non-corporate member of any 
whatsoever. 


class 


ADMISSION TO MEMBERSHIP 


Any application by an individual for admission to any 
class of membership shall be in a form approved by the Council 
and shall be signed by a proposer and seconder, both of whom 
shall be corporate members, and on such form the applicant 
shall state his name, address, and nationality, and furnish such 
other particulars as the Council may from time to time deter- 
mine, and shall sign an undertaking to be bound by the By-laws 
as from time to time in force. An applicant who is unable to 
obtain the signatures of corporate members as proposer and 
seconder may be permitted, in lieu thereof, to submit letters of 
recommendation from his employers and/or responsible persons 
engaged in the use of welding or one of the allied processes, in 
the manufacture of welding supplies, or in a kindred profession, 
testifying to their personal knowledge of his qualifications. 

3. Applications for Industrial Corporate Membership, Class 1, 
2, or 3, shall be in a form approved by the Council, and shall 
contain such information as may be determined from time to 
time by the Council. 

4. Save in so far as the Council otherwise directs, a former 
member of any class applying for re-election must comply with 
the same conditions, including the payment of an entrance fee, 
as if such former member had not previously been a member. 


MEMBERSHIP QUALIFICATIONS 


5. The qualifications for the several classes of membership 
shall be as follows: 


Corporate Members 

Fellows—A Fellow shall be a person of scientific or technical 
eminence, who has made a distinguished contribution to the 
science or practice of welding or one of the allied processes. 

Members—A Member shall be a person who either (1) being 
not under 30 years of age and being already an Associate- 
Member of the Institute, qualified in accordance with these 
By-laws, has been engaged for a sufficient period in an important 
position of technical or scientific responsibility in relation to the 
development or application of welding or one of the allied pro- 
cesses; or (2) being not under the age of 35, and having educa- 
tional qualifications equivalent in the opinion of the Council to 
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2 million cycles) is between 15 and 30 kg/mm*, depending 
upon the ultimate strength, which varies between 40 and 
50 kg/mm*. 

Fatigue Tests on Undressed Welds (Seams not Machined)— 
Fatigue strengths of unmachined welds were only deter- 
mined in three countries. These values lie between 
11 kg/mm* and about 19 kg/mm*, depending on whether 
or not there are defects, such as lack of penetration, 
deflection of the plates, etc. 

Fatigue Tests on Machined Welds—The fatigue strengths 
lie between 14 and 30 kg/mm*, depending on the choice of 
electrodes, the parent metal, and the welding conditions. 


OF WELDING 


/ 


, as revised and approved by the Council of the Institute 


1958 


the qualifications required for election as an Associate-Member, 
has held for not less than 5 years an important position of tech- 
nical or scientific responsibility in relation to the development o1 
application of welding or one of the allied processes. 


Note: Certain appointments in welding research and the 
teaching of welding or the allied processes, as well as com- 
missioned service in certain technical branches of H.M. Forces, 
are recognized by the Council as being important positions of 
technical or scientific responsibility in relation to the develop- 
ment or application of welding or the allied processes, for the 
purpose of the foregoing clause 

{ssociate-Members—An Associate-Member shall be a person 
who, being not under 25 years of age, (1) has passed Sections A, 
B, and C of the Institute’s Associate-Membership examination, 
or such other examinations as may be approved by the Council; 
and (2) holds at the time of his application a responsible position 
of a technical or scientific nature in relation to the development 
or application of welding or one of the allied processes 

At the discretion of the Council, a candidate for Associate- 
Membership of the age of 30 years or over may be permitted to 
submit a technical report in lieu of part or the whole of the 
examination. If the examiners recommend, such a candidate 
may also be required to undergo an oral examination 

A candidate of 40 years of age or over, who has held for at 
least five years and holds at the time of his application a re- 
sponsible position of a technical or scientific nature in relation 
to the development or application of welding or one of the 
allied processes, may be admitted to Associate-Membership 
after an oral examination 


Note: Certain appointments in welding research and the 
teaching of welding or one of the allied processes, as well as 
commissioned service in certain technical branches of H.M. 
Forces, are recognized by the Council as responsible positions of 
a technical or scientific nature for the purpose of the foregoing 
clauses 


Industrial Corporate Members—An_ Industrial Corporate 
Member, Class |, shall be a corporation interested in welding or 
one of the allied processes. Class 2 shall be an incorporated 
trade association or technical classification society. Class 3 shall 
be a representative of a firm or unincorporated body interested 
in welding or one or more of the allied processes. 


Non-Corporate Members 

Companions—A Companion shall be a person who, being not 
under 30 years of age, holds an important position of respon- 
sibility in relation to welding or one of the allied processes, and 
is actively interested in its application. 


BRITISH WELDING JOURNAL 

















168 BY-LAWS OF THE INSTITUTE OF WELDING 


{ssociates—An Associate shall be a person skilled in welding 
or one of the allied processes, who satisfies the Council of his 
proficiency and continuous experience in welding or one of the 
allied processes over a period of not less than five years; or a 
person qualified by training and experience over a period of at 
least five years to assist in the application of welding or one of 
the allied processes 

4 candidate who has completed a full course of instruction in 
the principles and practice of welding or one of the allied pro- 
cesses, and has passed one of such examinations or tests as may 
from time to time be recognized by the Council for this purpose, 
shall be eligible for election to this class after three years’ 
experience in industry 


Graduates—A Graduate shall be a person who (1) ts receiving 
such training as would, in the opinion of the Council, fit him 
for employment in a position of technical or scientific respon- 
sibility in relation to the development or application of welding 
or one of the allied processes; and (2) has either (a) passed 
Sections A and B of the Associate- Membership examination or 
such other exempting examinations as may from time to time be 
ipproved by the Council, or (>) satisfied the Council that he ts 
receiving such instruction as should enable him to qualify for 

ection to Associate-Membership under this By-law 
27 may be elected a Graduate, and 

iy remain a Graduate after reaching the age of 31 
No person may remain a Graduate more than three years 


No person over the age ol 





s election. unless he has passed Sections A and B of the 
Associate- Member examination or obtained exemption 
Notwithstanding anything contained in these By-laws, every 
Member Associate-Member, Industrial Corporate 
| Companion, Associate Graduate, or Student who, at 
ven these By-laws come into force, is on the Register 
Institute, shall be taken to be a qualified member of the 
vhich he then belongs or, if a Student, of the class of 
Council may elect or refuse to elect any candidate 
i any reasons therefore ind the decision of the 
ipplications shall be tf il 

BSCRIPTIONS AND_ENTRANCE FEES 
vers of any class (other than Honorary Fellows 
Members) shall pay annual subscriptions, which 
le on election and thereafter on the first day 

ear as follows 
Class Subscription 
» 8 ad 
440 
Men 440 
Associate-Member 3 3 O 
ery Industrial Corporate Member, Class 1, 2, 
; 21 0 0 
erating wholly outside the United Kingdom 15 15 0O 
Ifa si liary or section of another Industrial 

Cor i Member 18 18 O 
echnical college or university department 15 15 O 
B Companion . 440 
6 ve Associate 212 6 
By every Graduate F , lil 6 


ied that, in the case of any individual member of any class 
ho is resident in any country outside the United Kingdom in 
ch there is no Branch of the Institute, the Council may 
ceept, in full settlement of the subscription due in any year 
m such member under this By-law, such sum, not being less 
in 90°, of such subscription, as the Council shall think fit. 
8. When a candidate is elected after the 30th November in 
ny year, the amount of his subscription to the end of the current 
financial year shall be reduced by one-half, or such other sum 
as the Council may determine. 
9. Unless otherwise determined by the Council, entrance fees 
shall be payable in accordance with the following scale: 
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Entrance 


C lass Fee 

t ‘ d 

Fellows = & 

Members Ys @ 

Associate-Members s a2 8 

Industrial Corporate Members 21 0 O 
Industrial Corporate Members which are subscrib- 
ing members of the British Welding Research 
Association; subsidiaries or sections of another 
Industrial Corporate Member; technical col- 

leges and university departments 10 10 O 

Companions ; 2 2 

Associates 1 | O 

Graduates 10 6 


10. The Council may arrange for the transfer of any member 
of any class from one class of membership to another appro- 
priate class, on application being submitted by the member in 
such form as may be prescribed by the Council and on payment 
of a Transfer Fee equal to the difference between the Entrance 
Fee for the lower and that for the higher class. The conditions 
of any such transfer shall be at the discretion of the Council 

11. An individual member of any class shall be entitled, by 
making a single payment of 50 guineas, to compound his annual 
subscriptions for life. From this composition fee a sum of 
1 guinea may be deducted in respect of each annual subscription 
paid by the member down to the time of his compounding 

12. An individual member of any class, who has paid 30 
annual subscriptions, shall be entitled to retain membership fo 
life in the class to which he belongs on payment of the thirtieth 
annual subscription without paying further subscriptions 

13. At the discretion of the Council, an individual member of 
any class, on retiring from business, may be placed on a register 


of retired members and enjoy the privileges of membership in 
the class held on retirement. If, upon his retirement, such mem- 
ber was of 10 years’ standing in any class, the amount of such 
retired member's annual subscription shall be reduced by one- 
half. No annual subscription shall be payable by any retired 
member who upon his retirement was of 20 years’ standing in 
any class 


REGISTER OF MEMBERS 


14. The Council shall cause to be kept a register of members 
of all classes, and shall cause to be entered therein the following 
particulars 


(1) The names and addresses of the members 

2) The date at which each member was entered in the registet 
as a member 

(3) The dates at which each member was transferred from one 
class of membership to another 

(4) The class of membership to which each member belongs 

(5) The branch to which each member is attached, or alter- 
natively if ‘unattached’ 


CERTIFICATES OF MEMBERSHIP 


15. The Council may issue to any member of any class a 
certificate of membership showing the ciass to which such mem- 
ber belongs. Every such certificate shall remain the property of 
and shall on demand be returned to, the Institute 

16. All certificates of membership shall bear the common seal 
of the Institute and shall be signed by two members of Council, 
one of whom shall be the President or a Vice-President, and 
countersigned by the Secretary, or some other person appointed 
by the Council. 

17. Certificates of membership issued by the former Institu- 
tion of Welding Engineers and the Institute of Welding Limited 
shall be deemed to be certificates of membership of the Institute 
A member of any class holding a certificate of membership of 
that class issued to such member by the former Institution or 
Institute may, on payment of a fee of 2s. 6d., exchange such 
certificate for a certificate issued by the Institute, which shall 
specify the date of such member's election to that class of 
membership of the former Institution or Institute. 

18. A Member of any class on ceasing to be a member shall 
return forthwith to the Secretary any certificate or diploma pre- 
viously delivered to him by the Institute or the former Institution 
or Institute. 
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BY-LAWS OF THE 


RIGHTS AND PRIVILEGES 


19. A member of any class shal! have the right to attend 
technical discussion meetings of the Institute whether organized 
by the Institute itself or under the auspices of any of the 
Branches and, if the accommodation permits, to introduce not 
more than one guest 

20. A member of any class shall be entitled to receive copies 
of all such lectures, papers, discussions, publications, and annual 
lists as the Council may determine, and on payment of such 
charges as the Council may fix 

21. A member of any class shall be entitled to enrol for any 
course of instruction organized by 
Welding Technology on payment of such fees as the Council 
may determine, so long as the number of persons enrolled does 
not exceed the limit fixed by the Council 

22. Industrial Corporate Members shall be entitled, in addi- 
tion to the rights and privileges attaching to members of any 
class, (@) tO receive, on request, a second copy of publications ot 
the Institute issued free to members of any class; (4) to enrol 
their employees for courses of instruction organized by the 
Institute's School of Welding Technology on payment of such 
fees as are payable by individual members of the Institute, so 
long as the number of persons enrolled does not exceed the 
limit fixed by the Council; (c) to nominate three employees (in 
addition to their representative appointed in accordance with 
the provisions of Article 12) for admission to any technical dis- 
cussion meeting organized by the Institute, and not more than 
six employees (in addition to their representative appointed in 
iccordance with the provisions of Article 12) for admission to 
such a meeting organized by a Branch of the Institute; (d@) to the 
waiving of the entrance fee payable by applicants who are em- 
ployees nominated by them on election to individual member- 
ship of the Institute in any class 

These rights and privileges attach to the associates or subsid- 
iaries of Industrial Corporate Members Class | or of firms and 
unincorporated bodies whose Industrial 
Corporate Members Class 3, to member-companies of Indus- 
trial Corporate Members Class 2, and to the sub-divisions of 
indertakings organized regionally or functionally, only if such 
associates, subsidiaries, companies, and sub-divisions are them- 
selves Industrial Corporate Members of the Institute 

23 intimating that a 


representatives are 


3. The abbreviated distinctive titles for 
person has been elected to one or other class of membership 


shall be the following 
Honorary Fellow Hon.F.Inst.W 
Honorary Member Hon.M.Inst.W 
Fellow F.Inst.W 
Member M.inst.W 
Associate- Member A.M.Inst.W 
Companion C.Inst.W 
Associate A .Inst.W 
Graduate G.Inst.W, 


24. No member of any class shall be entitled to any rights or 
»rivileges if and so long as such member’s annual subscription 
| ‘ i 
is three months in arrear 


RESIGNATION AND/OR EXPULSION 


A member of any class shall cease to be a member upon 
the 3ist day of March next after the receipt by the Secretary of 
a letter of resignation from such member. 

26. If at any time the annual subscription of any member of 
any class is six months in arrear, the Council may by resolution in 
that behalf passed at any meeting remove such member from 
membership of the Institute, whereupon such member shall 
cease to be a member. 

27. If any member of any class has been guilty of such con- 
duct as in the opinion of the Council renders such member 
unfit to be a member, the Council may, by resolution in that 
behalf, passed at any meeting by a majority of not less than 
three-quarters of the members of Council present and voting, 
remove such member from membership of the Institute, where- 
upon such member shall cease to be a member of any class. No 
such resolution shall be passed, or, if passed, shall have any 
effect, unless the member concerned has received not less than 


25 
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fourteen days’ prior notice that such member's conduct is to be 
considered by the Council, and has been offered an opportunity 
to state his case in writing or by personal appearance before the 
Council 

28. Any member of any class ceasing to be a member of any 
class shall remain liable for any annual subscription due on the 
Ist day of April last preceding and remaining unpaid when such 
member ceases to be a member. 


RESTORATION TO MEMBERSHIP 


The Council at its discretion, and subject to such condi- 
tions as it thinks fit, may re-admit to membership of any class 
any former member whose membership of that class has ter- 
minated, on payment of such amounts in respect of arrears of 
subscription as the Council may determine 


29 


APPOINTMENT OF STAFI 


30. The Council may, at their discretion, appoint, remove or 
suspend such managers, secretaries, officers, clerks, agents, ot 
servants for permanent, temporary, or special service as they 
may from time to time think fit, and may determine their powers 
and duties and shall pay to them such salaries, wages, or 
remuneration, and shall make such provision for and grant such 
pensions after their superannuation or retirement, as the Coun- 
cil think fit 


LIBRARY AND PUBLICATIONS 


31. The property and copyright of any paper, research re- 
port or other literary work read or accepted for reading before 
the Institute or any of its Branches or published by the Institute, 
whether in full or in abstract, shall belong to the Institute, and 
the Council may deal with such property and rights as they 
think fit, provided that they may, at their discretion, waive the 
provisions of this By-law in exceptional circumstances 

32. All books, pamphlets, periodicals, drawings, photographs, 
lantern slides, and other material in the Library of the Institute 
shall be accessible to all members of any class during such hours 
and on such conditions as the Council may determine. The 
Council may also authorize or draw up regulations to govern 
the borrowing of such material through the post or otherwise 


BRANCHES 


33. A local Branch of the Institute may be formed in any 
district deemed expedient by the Council, and such Branch may 
at any time be dissolved by the Council 

34. Application for recognition as a Branch may be made at 
any time by fifty or more members (not less than forty of such 
members being corporate members) resident in the district of 
the proposed Branch 

35. Unless a member of any class otherwise notifies the 
Secretary, he will be registered as a member of that Branch in 
whose district he resides 

All members of a Branch shall be entitled to the Rights and 
Privileges defined in the Standard Rules for Branches approved 
by the Council and to such additional privileges as the Council 
may from time to time determine 

36. Each Branch shall, subject to the observance of such 
conditions as the Council shall from time to time prescribe, be 
entitled to an annual grant of money of such amount as the 
Council may determine, provided that the total amount of all 
the grants so determined by the Council shall not be less than 
15°, of the subscriptions actually paid by the individual mem- 
bers of any class of the Institute belonging to all the Branches in 
the preceding financial year. 

Each Branch Committee shall be responsible for the punctual 
delivery to the Council of its estimates of expenditure, its annual 
report, and a certified statement of its income and expenditure, 
as required by Standing Orders of the Council, and also of such 
other returns, reports, and statements as the Council may call 
for from time to time. 

37. Branches shall be constituted and governed in accordance 
with standard rules for Branches approved by the Council, 
subject to any alterations for any particular Branch which the 
Council may, upon the application of the members of such 
Branch, approve. 


BRITISH WELDING JOURNAL 











Welding 
Reo rA RC 


H 








The Full Plastic Moments of Sections 


Subjected to Shear Force and Axial Load 


By 


WM. R. Horne, Sc.D., Ph.D., A.M.I.C.E. 


SYNOPSIS 


the full plastic moments of sections under axial load 


viewed, Ar ipproximate but safe formula is presented tor ful 
mbit uds and shear forces. Consideration is given to the limiting ce 
vhich mav be allowed in the web \ comparison is made between solutions 
sof wv r various conditions with the limiting depth to thickne 
eX nenta ta I members forming part of a structure desig 
t ! A design fort suggested that gives the maximum permissible dept! 
rms of the ixial stress in the web 
Introduction simple theory ignoring shear, unless the mean shear 


HE effect of axial loads on the bending moments 
required to produce full plasticity is well under- 
stood. The expression for the full plastic mo- 

ts of members of rectangular section was given by 
Baker,' and a similar treatment is readily extended to 
nembers of I-section.* Tables giving direct expressions 
for the full plastic moments of standard rolled sections 
inder axial load are available.* The general case of un- 
symmetrical sections subjected to bending moments 
and axial loads has been discussed fully by Eickhoff.* 
Che influence of shear forces on the moments at full 
plasticity has been discussed by Horne,® Green,® and 
Heyman and Dutton.’ Horne offers a lower bound 
(conservative) solution, based on the Tresca yield 
criterion (maximum stress difference), according to 
which any shear force reduces the full plastic moment. 
Green gives an upper-bound (unconservative) solution 
based on the von Mises criterion (strain energy due to 
shear). He shows that the effect of shear forces depends 
on the method of support at the ‘plastic hinge’ section, 
and obtains two solutions, for ‘strong’ and ‘weak’ sup- 
ports respectively (Fig. 1). Green maintains that, due to 
the restraining effect of the support material, the full 
plastic moment remains above the value given by the 
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stress is greater than about one-third the yield stress 
in pure shear for a weak support, or half this yield 
stress for a strong support. Although these upper- 
bound solutions may be unsafe, since they are un- 
accompanied by stress distributions for the unde- 
formed material, Green considers them to be suffi- 
ciently accurate for practical purposes. 

A design formula for calculating the effect of shear 
forces on the full plastic moments of I-section mem- 
bers is given by Heyman and Dutton.’ The formula 
is obtained from an approximate solution based on the 
von Mises yield criterion. It is slightly more conser- 
vative than the solution given by Horne,’ but is 
applicable over a larger range of shear force. It does 
not allow for the beneficial effect of restraint at the 
hinge position noted by Green.* While it would be 
most satisfactory if this restraint could be taken into 
account, it is probably unwise to do so in most struc- 
tural problems. The ‘weak support’ case considered by 


Report FE 1/51/57 of the B.W.R.A. issued to members in March, 
1957. 

The author is with the Department of Engineering, University 
of Cambridge 
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Green is not necessarily the worst condition which 
might arise, and it is therefore preferable to accept a 
safe solution. Heyman and Dutton’s proposals, be- 
sides being conveniently simple, have a direct physical 
interpretation, and may therefore be accepted as the 
most suitable basis for design. Although effects are 
not additive in plasticity as in elasticity, the influence 
of local restraint on plastic deformation is, if con- 
sidered, best dealt with separately. A suitable proce- 
dure, based on extensive tests, has been recommended 
by Roderick and Phillips,* and involves the require- 
ment that full plasticity shall be reached at a distance 
away from a concentrated load or support equal to 
half the depth of the member. 

The effect of axial loads when combined with shear 
forces on the bending moments required to cause full 
plasticity has been discussed by Green® in relation to 
the plane strain problem, but not in relation to plane 
stress. This latter condition is the one applicable to the 
usual types of structural member and so Green’s solu- 
tions are not relevant. The purpose of this report is to 
present a design formula which will give the full plastic 
moment of a structural member in the presence of an 
axial load together with a shear force acting parallel to 
the web. The question of the maximum depth to thick- 
ness ratios permissible in webs subjected to combined 
shear force, axial load, and bending moment is also 
discussed. 


BENDING MOMENT IN THE ABSENCE OF AXIAL OR 
SHEAR FORCES 

The stress distribution at full plasticity in the web 
of an I-section member subjected to a pure bending 
moment about the major axis XX (Fig. 2) is shown in 
Fig. 3 where (a) represents longitudinal stresses and 
(b) shear stresses (zero in this case) acting on a vertical 
plane. If the yield stress in tension and compression 
is f,, the moment of resistance of the web, M,,, is 


M,.=ftd* (1) 


where f¢ is the thickness and 2d the depth of the web 
(Fig. 2). 


BENDING MOMENT IN THE PRESENCE OF AN AXIAL 
LOAD 


When an axial load P acts in conjunction with a 
bending moment M,,, the stress distribution at full 
plasticity is as shown in Fig. 4. If p,, is the mean axial 
stress calculated on the area of the web only (i.e. 
Py»=P/2td) and y is the distance of the neutral axis 
from the central axis XX, it is readily shown that y and 
M ,, are given respectively by 


(a) Strong (b) Weak 


Fig. 1—Strong and weak support conditions as visualized by 
Green 
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Fig. 2—Web dimensions in an I-section member 


~ 


yesd . Pn (2) 


Mo=(f,—"s-) mm. 2... . @ 
BENDING MOMENT IN THE PRESENCE OF A SHEAR 
FORCE 

The stress distribution assumed by Heyman and 
Dutton’? when full plasticity is caused by a combina- 
tion of moment and shear force is shown in Fig. 5. 
The total shear force (denoted by Q) is assumed to be 
uniformly distributed down the web (Fig. 54), pro- 
ducing a stress g,==Q/2td. The longitudinal tensile 
and compressive stresses are reduced from f/f, to f, 
where 


f $=fe' +34. c+ oe 
The moment of resistance M,, becomes 
M,=f,td*. « & 


The relationship between /,, and q, is shown graphi- 
cally in Fig. 7 for a yield stress f, of 15-25 tons/in.* 


BENDING MOMENT IN THE PRESENCE OF AXIAL 
LOAD AND SHEAR FORCE 

The stress distribution assumed when bending 
moment, axial load, and shear force all combine 
to produce full plasticity is shown in Fig. 6. The 
distributions in Figs. 3, 4, and 5 appear correctly as 
special cases of this general condition. In Fig. 6a, the 
longitudinal stress + /,,’ is given by 


(ne es 6 Se | 
while the distance y is given by 
y poe : ; (7) 


The total moment of resistance M,, is 


M.=(f.' Pe id . [<a a ee 
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Fig. 3—Fully plastic stress distribution under bending moment 
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Fig. 4—Fully plastic stress distribution under combined bending 


moment and axial load 
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Fully plastic stress distribution under combined bending 
moment and shear force 
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Fully plastic stress distribution under combined bending 
moment, axial load, and shear force 
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It is convenient to express M,, in the form 


Vl f td (9) 


where /, is to be regarded as the equivalent plastic 
bending stress. If /,,’ and M,, be eliminated between 
equations (6), (8), and (9), it is found that 


(10) 


[he three quantities p,,. g,,, and f,, are related to the 


axial force P, the shear force O and the moment of 


resistance M,, as follows 
P Q VU , 
P 2td’ q 21d’ I td ay) 


\ chart showing the relationship between p,,, dy, 
and /,, when f/,,= 15-25 tons/in® is given in Fig. 8. The 
horizontal axis gives the mean axial stress p,,, the 
vertical axis gives the mean shear stress g,,, While the 
contours are for intervals of the equivalent plastic 
bending stress f,,. The radial lines correspond to 
various ratios of axial force to shear stress, i.e. values 
Of Pw/dy equal to P/Q. The heavy curve has a signifi- 
cance which is explained later. 

Example 1 

Determine the moment of resistance of the box- 
section member shown in Fig. 9 when bent to full 
plasticity about the major axis X_X, in the presence of 
an axial load of 150 tons and a shear force in the plane 
of bending of 75 tons. The yield stress is 15-25 tons/in*. 

150 


S°SY tons in 


gq 4°44 tons in 


Hence from Fig. 8, 


f 1 tons/in 
[0-75 2>-§ 
VU -] , 675 tons-in 
4 
VW, (Moment of resistance of flanges) 
15-25 « (0°75 © 18 « 23-25) — 4770 tons-in 


Total moment of resistance — M V 5445 tons-in 


The Plastic Moment of Resistance when p,,? + 3q,2 >f,7 


It has so far been assumed that the whole of the 
axial load and shear force are taken by the web. This is 
true provided p,,*—-3q,?<—/,7, the equivalent plastic 
bending stress /,, for the web being obtained from 
Fig. 8. If p,,?+-3q,7>/,*, the point p,,, g, in Fig. 8 lies 
outside the curve /,,=0, and the neutral axis of the 
section lies outside the web. The calculation of the 
moment at full plasticity is then as follows: 


it) If g. 0, the full plastic moment may be calculated by 
methods already described 

(ii) If O<@ f,/vV 3, calculate p VO 3qy"). Then p 
is the mean axial stress in the web. If f, = 15-25 tons/in®, 
Pw corresponds to qg,, on the curve f,=—0 in Fig. 8. The 


moment of resistance of the whole section at full plasti- 
city is derived by ignoring the web, the flanges being 
required to sustain, in addition to a bending moment, an 
axial force (P—2p,td) where P is the total axial load 


(iii) The mean shear stress in the web cannot exceed / 


V3 


Hence, if the flanges are not fully plastic when the loads 
are sufficient to make g f,iv3 (i.e. 8&8 tons/in® if 
f 15-25 tons/in*),® then the section will fail by shear 


deformation of the web at these loads 
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bending stress 


Example 2 

Determine the moment at full plasticity for the box- 
section in Fig. 9 when the axial load is 300 tons and 
the shear force 75 tons. 


Pp 17-80 tons in 4°44 tons in’ 


and g 


This point lies outside the curve 
SO Py 13-1 tons/in®. Axial load 
300 —13-1 x 0:75 x 22:5=79 
flange required to take this force ts 
0-144 in. Hence neutral axis is 
0-606 in. from outside of section, 
resistance of section=M, 


0 in Fig. 8, and 
taken by flanges 
Thickness of each 
79/15-25x 2x 18 
0-144) 


moment of 


tons 


(0-75 
and 
15-25 « (0°606 « 18 « 23°39) 3890 tons-il 
MOMENTS OF RESISTANCE OF STANDARD ROLLED 
BEAMS 

The plastic moduli of British Standard beams under 
axial load have been tabulated,’ and these data may be 
to calculate the moments when 
shear forces also are present as follows: 


used of resistance 


Calculat ; Depth 
aiculiate ad i 


Mean flange thickness 


P Vv 
) ‘ | : 
Po Tia’? 4 ded 
Case | ( py*+-34q, f?)—(or, when f, = 15-25 tons 


in®, point p,,, 7, lying inside the curve /,,=0 in Fig. 8). 
If full plastic moment under zero axial load and shear 
force is M,, moment of resistance=M,—(/, f,,)td* 
where /,, is obtained from Fig. 8. 
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MEAN AXIAL STRESS IN WEB(P,,)), fons /in?. 


tig. 8—-Heavy curve denotes economical stresses. Contours of web bending stress for all combinations of mean web shear stress and 


mean axial stress in web 


ase 2 (p,y?+3q,*>/,*7)—Calculate n=p/f, where 

P/A and A is the total area of cross-section. Hence p 

he mean axial stress calculated on the whole section, 
nd is less than p,,, which is calculated on the area of 
he web only. Calculate p,,’=/(/,?>—34q,°). If 4 
5-25 tons/in*, p,, corresponds ‘ to g,, and f,,=0 in 


Fig. 8, calculate 
fy—p |=" 
n'=n —_—— | —. 
j { 


v 


Using n’ in place of n, calculate the moment of resis- 
tance from the relevant formula in column 8 of 
Table I given in “The plastic moduli of British 
Standard rolled steel joists”’.® 


Example 3 
Find the bending moment about the major axis at full 
plasticity of a 10 in. x 8in. x 55lb British Standard beam 
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when subjected to an axial load of 40 tons and a shear 
force of 25 tons acting in the plane of the web. The 
yield stress in tension or compression is 15-25 tons/in*. 


P= 40 tons Q=25 tons 
A= 16°18 in’ t=0-40 ins. 
d=5-00—0°78 = 4-22 in. 2td= 3-38 in* 
= 11-°8 tons, in* 
Pe 338 6 tons)! 
25 
Ge 5.38 ‘4 tons/ in? 


—_——— ___ Hence neutral axis is in com- 
V Py’ + 34.'=17'4. pression flange 


40 


ew 
is25xio18 | 


n 
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From Fig. 8, p,,’ =8-3 tons/in* 


15-25—8+3 3-38 

n’ =0-162+ | —— —emmene == ()°257 
15-25 16°18 

From Table I, reference 3, full plastic moment of 


section becomes 
M = 15-25 « 8-725 (1 —n’)(8*27 +n’) 


845 tons-in 


MAXIMUM DEPTH TO THICKNESS RATIOS IN 
UNSTIFFENED WEBS 
The minimum thickness which may be used for the 
web of an I-beam of given depth, required to support 
given loads at full plasticity, is the larger of two 
quantities, calculated as follows: 
(i) The minimum thickness which is sufficient to take the 
applied shear force at a stress of f,/\/ 3 (8°8 tons/in® when 
f, — 15-25 tons/in*). If this minimum thickness is used, the 
whole of the axial thrust and bending moment is carried 
by the flanges. With thicknesses greater than this mini- 
mum, either some of the axial thrust, or all of the thrust 


together with part of the bending moment, is taken by the 
web. 


(ii) The minimum thickness which will prevent buckling of the 
web at full plasticity. 


The limiting thickness required to prevent buckling 
for the stress condition of combined bending moment 
and shear force was investigated by Heyman and 
Dutton,’ who suggested a maximum depth to thick- 
ness ratio for unstiffened webs of 72. In further tests 
carried out by Longbottom and Heyman,® it was 
established that depth to thickness ratios of up to 85 
could be allowed. 

No tests have been performed with axial loads 
present, but suitable depth to thickness ratios may be 
chosen by considering the equations for the elastic 
buckling of web plates. 

Consider an infinitely long plate (Fig. 10a), of 
uniform thickness ¢ and depth 2d, simply supported 
along the edges AB and CD. This may be taken as 
representing the web of an I-beam, the condition of 
simple support on the longitudinal edges being chosen 
in order to obtain a conservative result for buckling 
stresses. 


ss 18° _ 
a 
—— co —> 
24" 
x 4 1i_y 
? > “ 
eg 
3/4" i 
Y 
a tea ne tines coer 
AU 


Fig. 9—Box section members considered in examples 1 and 2 


APRIL, 1958 


MOMENTS OF SECTIONS 175 
A B 
; ae 
(9) 2d 
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> - _ t be 
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7-5 = (9) *4 
= d — 7 
a : 
vy oO 
Fig. 10—Stress conditions considered for buckling of unstiffened 
webs 


Under a uniform shear stress (Fig. 105), the plate 
will buckle!® at a stress g,,, given by 


~D 
td* 





Gu = 1°34 | ) (12) 
where D=E?*/(1—v*), E being the modulus of elasti- 
city and v Poisson’s ratio. If the-thickness ¢ is such 
that q, is the yield stress in pure shear, namely 
f,//3, then taking f,—15-25 tons/in*, E=13,000 
tons/in®? and v=0-3, it is found that 2d/t—depth 
thickness= 84-4. This figure is surprisingly close to the 
limit of 85 established by Longbottom and Heyman 
for shear combined with bending. 

When a uniform longitudinal stress p,,” acts alone 
(Fig. 10c), the buckling stress is given by 


Py { ra } . (13) 


If buckling occurs when p’,,.=/,=15-25 tons/in*, then 
2d/t=55-3. 
In the presence of a uniform shear stress q,, together 
with a uniform longitudinal stress p, (Fig. 10d), it 
has been shown?! that buckling occurs for critical 
combinations of g, and p,, given very nearly by the 
equation 
(fe )*+(Pejar . 2. . 0M 
Ve Pe 
where q,,' and p,,’ are given by equations (12) and (13) 
respectively. If the depth to thickness ratio 2d/t is 
such that the plate is just about to yield, then 


Py + 34n*=f,’. 


The values of 2d/t for these combinations of stress 
when /, = 15-25 tons/in® is shown by curve | in Fig. 11. 
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e a 
> = 5 
z &C : IC 
PTH TO THICKNESS RAT 
Fig. 11--Permissible depth to thickness ratios for unstiffened 


webs 


The horizontal axis gives 2d/t and the vertical axis the 
mean axial stress p,, 

[he liability of the plate to buckle under pure 
bending is given in the literature for the usual elastic 


distribution of stresses, Fig. 10e. If the extreme fibre 
stress is /,,, then 

. D - 

f 5-97 | } (15) 

If / f 15-25 tons/in*, this leads to 2d/t=i35-6. 


This solution, however, does not give a close indi- 


MOMENTS OF SECTIONS 


Take axes OX, OY in the longitudinal and trans- 
verse directions, as shown in Fig. 10g, and let it be 
assumed that buckling occurs in half-waves of length 
b. The buckled form of the plate may then be assumed 
to be 

n ft 


nry 


“ a, (16) 


where w is the deflection perpendicular to the plane 
OXY. The energy of bending Us, is given by 


n I 
Us= dD Yat ; | . (17) 
a" 3 D* lpi 

n= 1 


while the work Uy done by external forces becomes 


l if : yw \* Pe “ 


} | (—) dxd ;e 8 


dx dy (18) 
Substituting for w from equation (16), this is found to 
have the value 


ntdf eee 1) (—1) 


ho — i+j j—j 


(19) 


where the summation extends over all combinations 
of i and j for which i--j is odd. The critical value of /, 
may be obtained by putting Up=—U, and adjusting 
the relative values of the coefficients a, such that /,, is 
a minimum. Taking the first three terms only of the 


cation of the depth to thickness ratio at which “pre (i.e. assuming ay=a,=etc.=0) and putting 
buckling may influence the attainment of the full p= Ur gives 
plastic moment. A more relevant solution may be nD) [1Se (+e)? ay? + (1+ 4e%)* a? +(14-9e)" a2] 59 
obtained by considering the web loading in Fig. 10/,in fs “a — er (9) 
vhich half of the plate is subjected to a uniform com- 
yressive stress f,, and the other half to an equal where c=6/2d. Putting 9/,,/0a,—0, f,,/0a,—0, and 
nsile stress f,/%,=0, it follows that 
2-18 
; : - 
9-88 2:04 4 
- an -_ oan = - y 
’ t l bi i 
’ i ’ i hye A 
8 62 0:52 )- 48 
~ <= ~ — ~ - -— 
32 32 32 ~ 
| a 
! ' Y Li ! 
’ ’ y 
. A i r' A 
t “ideal” No bending moment Sheor stress 
sec f10F section in web only in web 
Areo 38°8 in? Area 38-4 in? Area 39:8 in? Area 44-8 in? 
0) (b) (¢) (d) 
Fig. 12—Sections to take VW — 5500 tons-in., Q — 125 tons, P= 100 tons at full plasticity 
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nm D 


Sx (1 
a a 


c*)(1 + 4e*)(1 +-9c*) (21) 
32e* 4/345 468c? + 2034c* ‘ 
This solution has been obtained by taking an arbitrary 
value for the half-wave length 6 in the longitudinal 
direction. The correct wave length is that for which 
f,, 1S a minimum, whence it is found that 

b 


7D 
ri 0-696 and / 2°61 | - 
2d _— (va) 


(22) 


This critical stress is less than half that obtained for an 


elastic bending stress distribution (equation (15)). If 


f,—f,y—15-25 tons/in® then equation (22 
2d/t=88:-5. 

It is significant that the greatest permissible depth 
to thickness ratio of 85 arrived at experimentally for 
shear force combined with bending moment is very 
close to the elastic buckling values of 84-4 for pure 
shear and 88-5 for pure bending. It therefore seems 
probable that if a member is to develop full plasticity 
in the presence of axial load, it may, in the most 
severe cases of axial loading, be necessary to limit the 
depth to thickness ratio to the value of 55-3 derived 
for elastic buckling under longitudinal stress only. 

Consider first a design formula for limiting depth to 
thickness ratios under shear force and axial load only. 
While the expression for curve (1) in Fig. 11 is compli- 
cated, the empirical curve (2) has the simple formula 


leads to 


2d 85 


(23) 
i 1004p 


Now the critical values of 2d/t for pure shear force 
and pure plastic bending stresses are almost equal. It 
is therefore proposed that equation (23) should be used 
for design, when the web becomes fully plastic under 
combined shear force, bending moment, and axial 
load. Values of 2d/t are tablulated in Table I, the 
interval within which p,, lies determining the value 
which should be taken. The minimum permitted value 
(53) of 2d/t occurs when the web becomes fully plastic 
under axial load only (p,,== 15-25 tons/in’*), 

It should be noted that the rule which has been 
established is intended to be conservative. It is framed 
to ensure, in the web, the attainment of a full plastic 


strength equal to that derived from an application of 


Fig. 8 or equation (10). If depth to thickness ratios 
greater than those stipulated by equation (23) and 
lable | are employed, the member may still show satis- 
factory plastic hinge properties, that is, maintain an 
almost constant moment of resistance at high curva- 
tures. The nominal full plastic strength may not, 
however, be attained due to local buckling of the web, 
and further investigations are required before the 
employment of larger depth to thickness ratios can be 
recommended. 


ECONOMIC DESIGN OF FABRICATED MEMBERS 


When the depth of a girder is free from restriction, 
the most economical section to carry given loads is 
usually of such a depth that the web thickness must be 


chosen by considering local stability. If the depth of 


the section is so restricted that the criterion of web 
thickness lies with its carrying capacity under shear, it 
becomes possible to consider formally the most econo- 
mic distribution of material between the web and the 
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Table I 


MAXIMUM DEPTH TO THICKNESS RATIOS FOR WEBS 
CARRYING MEAN AXIAL STRESS OF p,, TONS/IN*® 








| 2 
Mean axial | Maximum || Mean axial Maximum 
stressin | depthto || _ stress in depth to 
web, Py thickness |} web, p, thickness 
ratio I ratio 
i 
i 7 
0 1} 5°58 | 
| RS 69 
0-15 | H 6°02 | 
84 I 68 
0-45 6°48 
83 67 
0-76 I 6°95 
8? | 66 
1-07 7°44 
81 | 65 
1°40 | 7°95 
80 H 64 
1+73 | 8-46 | 
9 63 
2-07 9-00 
78 62 
2-42 9°55 
77 61 
2-78 10°12 
76 60 
3-15 10°71 
me <9 
3-§2 10°32 
74 sg 
3-9] 11°96 
73 «y 
4:3] 12°61 
72 56 
4:72 13-29 
71 456 
€. 14 l 3-99 
0 54 
5°58 14-72 
69 53 
6°02 15-25 











flanges. Although it might be thought that the most 
economic distribution would be realized with a web 
just sufficient to resist the full shear force and axial 
load (if present), it is actually found more economic to 
retain sufficient material in the web to allow the latter 
to develop a certain moment of resistance. This may 
be established as follows: 

Suppose an I-section member is required to de- 
velop, at full plasticity, a moment of resistance M 
under an axial load P and shear force Q. It will be 
assumed that the flange thickness is sufficiently small 
in relation to the web depth 2d (Fig. 2) for this latter 
quantity to be regarded as equivalent to the distance 
between the centroids of the flanges. 

Let the web thickness be ¢ and the area of each 


flange A,. The total area of cross-section will be A 
where 

{= 2(A,+ td) (24) 
Also 

M =f td* 2f,Ad . (25) 


and, as before, P=2p,,td and Q=2q,,td where p,, Gy», 
and f,, are related by equation (10). Upon the elimina- 
tion of the quantities A ,, f,,, Py», and g,, the total area 
of cross-section A is given by 
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Vl — 


l — 
| 2td—= 2272 — 30% a aaa 
fa ‘ 77, ’ 4ft'd* —3¢@ 2f,v 4f2rd?—30" 


(26) 


The minimum weight section will be obtained when 
dA/dt=0, whence it follows that 

fpe=Se-3D 2VI2—34ae—fy) (27) 
This relationship is plotted in Fig. 8 as the heavy 
curve, and gives the most economical equivalent 
bending stresses /,, for given ratios of axial load to 
shear force when /,, = 15-25 tons/in*. It should be noted 
in particular that when the axial load is zero, 


7-625 tons/in’. 


f 

3 qd, me 

Hence, in the absence of axial load, the most economic 

section has a web which retains at full plasticity a 

bending resistance equal to exactly half its full value. 
This fact is also recorded in Fig. 7 


Example 4 

Design a fabricated section to take, at full plasticity, 
a bending moment of 5500 tons-in., a shear force in a 
vertical plane of 125 tons, and an axial load of 100 
tons, all acting simultaneously. The depth of the web 
is to be 30 in., the yield stress for thicknesses up to and 
including } in. being 15-25 tons/in*, and above ? in., 
14-75 tons/in*. 

‘Practical’ design—Since P/Q=0-8, Fig. 8 gives an 
economic value for gq, of 6:7 tons/in*, whence the 
desirable web area is 125/6-7—18-65 in*. A 2 in. by 
30 in. web has an area of 18-75 in*. Hence 





125 ™ ' 
qd ie7s 6°67 tons, in 
100 
? —- == §-34 tons/in’. 
Pe 18-75 


Checking web stability, actual 2d/t=48, allowable 
2d/t=70 (from Table 1). 

From Fig. 8, 4, =7-0 tons/in® and so M,,=7-0 x 3 x 
30?/4=985 tons-in. Moment of resistance required in 
flanges is therefore M,;—5500—985=4515 tons-in. 
Flanges 10 in. x | in. give M; = 14-75 x 10 x 31 
4570 tons-in. The section shown in Fig. 12a is thus 
obtained, having a total area of 38-8 in*. 

Ideal’ design—Using a web thickness which gives 
he economical shear stress derived from Fig. 8, the 
section shown in Fig. 126, having a total area of 
38-4 in*, is obtained. 

It should be noted that, when the yield stresses in 
the web and the flanges differ, as in the present 
example, the economic line given in Fig. 8 is not quite 
correct. The deviation from the economic section is, 
however, negligible. 

Other designs—If the web is so proportioned that it 
just takes the whole of the axial load as well as the 
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shear force, but takes none of the bending moment, 
then f,=0 and P/Q=0-°8 in Fig. 8, whence q,, 
7-95 tons/in® and p,=6-36 tons/in*. The resulting 
section, Fig. 12c, has a total area of 39-8 in®. 

If the web takes the shear force only, then q,, 
8-8 tons/in*, and a web thickness of 0-48 in. is ob- 
tained. To take the axial load of 100 tons an area in 
each flange of $x (100/14-75)=3-39 in® is required. 
The bending moment of 5500 tons-in. requires an 
additional area in each flange of 5500/14-75 x 31-5 
11-83 in*, making a total area of 15-22 in*. The result- 
ing section, using flanges of thickness | } in., is shown in 
Fig. 12d, and has a total area of 44-8 in’. 


Example 5 

Design a fabricated section of web depth 36 in., to 
take at full plasticity a bending moment of 7500 tons- 
in., a shear force of 50 tons, and an axial load of 25 
tons. The yield stresses are as in example 4. 

Since P/Q=0-5, the economic shear stress is 
tons/in*. With 2d=36 in., this would give a web 
thickness ¢ of 50/(7-2 x 36)=0-193 in., making 2d/t 
186. 

Taking t= 4 in., then 2d/t=72, and q,=2-78 tons 
in®, p,-= 1-39 tons/in*, f,,= 14-3 tons/in* (Fig. 8). 

From Table I, the allowable 2d/t is 81, and so the 
web thickness is satisfactory; M,,—14-3 x 4 x 367/4 
2320 tons-in., and so M ,=7500 —2320= 5180 tons-in. 
Flanges 10 in. x 1 in. give a moment of resistance of 
5460 tons-in. and are therefore suitable. 
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INSTITUTE 


Memorial Service for Sir Alexander Gibb 

A memorial service for Sir Alexander Gibb, Past-President of 
the Institute, was held at St. Margaret’s, Westminster, on 18th 
February. Canon Michael Stancliffe officiated, and the Dean of 
Westminster read the Lesson and gave a short Address. The 
large congregation included, besides members of the family, 
partners of the firm of Sir Alexander Gibb and Partners, and 
many representatives of the world of engineering. 


Spring Meeting, 1958, at Harrogate 

The Spring Meeting, which is being organized in co-operation 
with the Leeds and District Branch, is being held at Harrogate 
from 8th to 10th May. Discussions of technical papers, works 
visits and a dinner are being arranged, and as already 
announced, a golf tournament is also being held on the afternoon 
before the meeting, on 7th May. 

An enrolment form has been distributed to members together 
with the official notice of the meeting, which also gives details of 
the various works visits. 

Technical sessions will be held at the Majestic Hotel, Harro- 
gate, on the Friday and Saturday mornings, and the following 
papers will be presented and discussed: 


Friday, 9th May (papers in this issue of the Journal) 
“Design and Fabrication of Diesel Engine Frames”, by 
S. Cooper and N. A. Deighton. 
“Construction of Steel Railway 
Roberts. 


Saturday, 10th May (papers to be published in May issue of 
the Journal) 
“General Considerations for the Welding of Materials for 
Industrial and Chemical Plant’, by M. Birkhead. 
“Welding of Aluminium Bronze and Cupro-Nickel”, by 
C. A. Terry. 
“Cracking of Aluminium Bronze Welds”, by J. F. Lancaster 
and D. Slater. 


<2 


Coaches”, by H. R. 


Accommodation for Meetings 

Companies and firms belonging to the Institute may like to 
know that the lecture hall at 54 Princes Gate is available for 
sales conferences and similar gatherings and that the Council 
welcomes bookings. Light refreshments can be included. The 
room will seat up to 80 people. Enquiries should be addressed 
to the Secretary of the Institute. 


Institute Membership 

When the Institute established an examination qualification 
for Associate-Membership, in 1946, it was expected that for 
some years the annual loss of members, by death and resignation, 
would exceed the annuai intake. So it fell out: of the next nine 
years, ending in March, 1955, all but two showed a net loss of 
membership, and the total then stood at about 90°, of the total 
in March 1957, 
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Since 1955 the tide has turned. In 1956 and again in 1957 a 
modest increase of membership was recorded, and the upward 
tendency appears to have been maintained this year. If so, those 
who argued in 1946 that, in the long run, membership would 
grow when it had won recognition as a technical qualification, 
will be justified. 


Revised By-Laws 

Elsewhere in this issue the revised By-laws of the Institute 
are printed for the information of members. Together with the 
Articles of Association, as revised by Special Resolution of the 
Extraordinary General Meeting of 14th February, the By-laws 
set forth in legal language the results of the Council’s long and 
careful study of the Institute’s organization, including its 
membership regulations. 

Members affected by the changes which are now in force have 
already been notified by circular letter, but all who are interested 
in the future of the Institute will want to know what is expected 
to be the overall effect of so much thought 


Corporate Members 

Of first importance are the clauses in By-law 5 which deal with 
Corporate Members. Comparison with the old By-laws will 
show that the Fellowship is now available only to those who 
have made a distinguished contribution to the science or practice 
of welding. The changes in the definition of Members are verbal, 
but Associate- Members no longer require five years’ experience, 
if they have satisfied the examination requirements and hold a 
responsible position. For Associate-Membership, also, the 
minimum age for admission by technical report is reduced from 
32 to 30, while a new clause allows those aged 40 or over, with 
five years’ experience in a responsible position, to enter the Class 
by oral examination. 

These changes can be summed up thus: the technical status of 
corporate membership is fully maintained, but recognition ts 
given to those who entered the industry before technical welding 
instruction was generally available, and are able to prove in an 
oral examination that from experience they have acquired the 
qualifications of a technical man. 

Non-Corporate Members 

It is in the non-corporate Classes that the more striking 
modifications appear. The thought behind them is that there are 
in industry, beside the welding experts, three groups of men 
whose services are vital to the advancement of welding—those 
concerned with management, organization, sales and purchas- 
ing; welders and others engaged in the practical application of 
welding; and those who are training to become specialists in 
welding and so to qualify for corporate membership. 

For each of these groups the new By-law provides one class 
of membership—Companions, Associates and Graduates—and 
for each it prescribes qualifications corresponding to its funct- 
ions. The class of Students disappears, and is absorbed into 
Graduates, 
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The revised By-law explicitly provides for the admission to 
each class of men engaged in the allied processes, such as metal- 
spraying, brazing, etc. So the Council seeks to make effective 
the Institute's long-standing claim to care for those processes 


Two Convictions 


It is to be hoped that employers will note the qualifications 
for membership of the Institute, and that members will take 
every opportunity to drive home the convictions which have 
guided the Council in the past and are, in effect, proclaimed 
afresh by this comprehensive revision of By-law 5. Those con- 
victions are, simply, that to get the full advantages which the 
welding and allied processes offer entails the employment of 
men who have proved that they possess proper qualifications 
for their particular jobs, and that the best service the Institute 
can render to British engineering is to ensure that its membership, 
in each class, is a guarantee of the possession of the appropriate 
qualifications 


“Inspection and Testing’ Demonstration 

One of the highlights of the February course of the School of 
Welding Technology, on Inspection and Testing, was a demon- 
stration period on the Friday morning. The majority of manu- 
facturers of non-destructive testing equipment provided demon- 
strations, and technical staff were in attendance to answer 
questions. Students in this course thus had an opportunity of 
discussing their problems with more than a dozen equipment 
makers 





Demonstration of inspection and testing equipment in the Institute's Conference 
Hall 


BRANCH NEWS 


Birmingham —Repair and Reclamation of Castings # 

At a meeting held on 14th February, Mr. G. Musted, Snr., 
gave a lecture on his experiences on the repair and reclamation 
f castings. In his opinion many repairs to castings could be 
ivoided by hard surfacing while the castings were new; in these 
lays of economic difficulties, this was a subject that could be 
very thoroughly investigated. 

Mr. Musted also showed slides of a hard-surfacing process 
that he had seen in America. In this, flux is applied to the 
surface that will be subject to wear; this is allowed to dry, and 
then the heat is applied to the surface, resulting in a considerable 
hardening taking place. 

The repair of a very heavy drop-forge hammer was also 
described. A section of material over 9 in. thick had fractured 
from the column of the hammer, and required replacing. Many 
welding companies had turned this job down as being “un- 
weldable”. Explaining how the repair was finally carried out, 
Mr. Musted stressed the fact that planning must take an im- 
portant part in any repair of this magnitude. Time spent in 
preparation was invariably time saved ultimately. 

One of Mr. Musted’s most informative points was his 
adaptation of a welding electrode holder that could be clipped 
to a special inspection lamp that he had designed, enabling any 
part of the work to be examined without additional trailing 
cables from electric light power sources. 
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A very lively discussion period followed, with Mr. Musted 
rising brilliantly to the occasion in answering many of the 
questions that were fired at him from a most appreciative 
audience. K.H.P 


East Midlands— Welding of High-Nickel Alloys 

At a meeting of the Branch at Nottingham on 17th December, 
Mr. R. Levick presented a paper on the “Welding of High- 
Nickel Alloys”. Mr. Levick said that nickel and high-nickel 
alloys should be in a stress-free condition before welding. It is 
important that welded joints should be designed so that they are 
positioned for easy access, in order to obtain a smooth finish, 
since a rough finish will assist corrosion. Before welding the 
joint must be free from grease, dirt, scale, and paint. 

Oxy-acetylene welding can be used with these materials, and 
is useful on intricate vessels or for site work. For metal-arc 
welding, d.c. electrode positive must be used. Electrodes must be 
kept in sealed packages and stored in a dry place. Joints should 
not be under restraint when welded, and a small root gap should 
be provided. A slow welding speed and a short arc are most 
important. In argon-arc welding, d.c. is preferred, using a 
thoriated tungsten electrode connected to the negative terminal 
Argon-are welding is not recommended for outside work unless 
adequate protection against the weather is afforded, in order to 
avoid dispersion of the argon shield K.H.E 


North London—Five Meetings 

In the first five months of this session the Branch has had a 
varied programme, and each meeting was well attended. At the 
meeting on 25th September, Mr. M. R. Kilgour spoke on 
“Welding Techniques for X-ray Soundness”. The speaker's 
main theme was the value of electrode manipulation, and plate- 
edge preparation; he also referred to low-hydrogen electrodes 
and the importance of operators’ ‘know-how’ 

At the second meeting, on 23rd October, Mr. C. A. Burton 
substituted for Mr. N. K. Gardner and spoke on “The Quality 
Control of Spot Welding in the Light-Alloy Structure of 
Aircraft’. He dealt with the methods adopted to obtain the very 
high percentage of sound spot welds required by the aircraft 
industry, and discussed the high-speed roll-spot welding used 
for this purpose. 

“Boring for Coal”, a film with commentary by J. N. ¢ 
Couper, was the subject of the next meeting; this covered the 
construction of the floats and erection of the towers for the 
purpose of boring for coal under the sea bed 

A paper on the subject of stud welding machines was given by 
Mr. A. G. Senior and Mr. R. W. Taylor, who described the use 
of d.c. batteries to power machines for heavy site work, and 
dealt with unusual stud diameters and high fatigue quality. The 
milling of the flash left round the base of the stud was an 
important and interesting feature. 

On 22nd January a meeting was held on the subject of the 
welding of sheet metal, and this was in three parts; Mr. F. W 
Pinkstone dealt with submerged-arc welding, Mr. C. A. Burton 
with resistance welding, and Mr. F. H. Chaffer with inert-gas 
welding. It was shown that submerged-arc welding was used 
successfully on 10 and 8 s.w.g. material. Mr. Burton described 
in detail the construction of car wheels by spot welding, and gave 
other examples of spot and seam welding. Mr. Chaffer had a 
number of extremely good samples demonstrating the appli- 
cation of the inert-gas process on Nimonic structures, these 
being parts of the Fairey “Rotadyne’ helicopter 


South London—*‘Corrosion and Welding” 

An interesting lecture on this subject was given to the Branch 
by Dr. P. T. Moore on 9th January. 

Dr. Moore considered the electrochemical basis of corrosion 
in aqueous solution and the principles of gaseous corrosion, 
before discussing two aspects of the relation between corrosion 
and welding. 

First, he showed the importance of obtaining clean metal 
surfaces to ensure sound welds, necessitating removal of oxides 
or other compounds produced by corrosion before welding is 
done. In its widest sense, corrosion may be interpreted as in- 
cluding the formation of compounds within the metal, as in 
carburizing or nitriding, and the presence of these compounds 
will prevent the making of satisfactory welds. It is therefore 
necessary to remove the compound, either mechanically (e.g. by 
grinding the metal) or by heat-treatment, prior to welding. 

Secondly, the welder can do a great deal to reduce the effects 
of subsequent corrosion of welded structures; probably it is 
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most important to avoid crevices, where accelerated corrosion 
often occurs 

Dr. Moore then considered specific effects with various 
materials. In mild steels, small amounts of copper are sometimes 
added to confer useful additional atmospheric corrosion 
resistance, and it is clear that welds in this material must contain 
as much copper as the parent metal if the advantage is not to be 
lost. Mild steel also suffers from stress-corrosion cracking in 
certain liquors, notably hot concentrated caustic alkalis and 
aqueous nitrate solutions. As in all cases of stress-corrosion, it 
is possible to effect a cure only by (a) removing the corrodent, 
which is not usually practicable, (6) lowering the stress (which 
may have been induced by welding) by a stress-relieving heat- 
treatment, or (c) using a material resistant to this type of attack. 
The use of welded, rather than riveted, boiler drums is an 
example of removing the corrodent, because the caustic cannot 
concentrate in crevices as it does with riveted seams when they 
leak slightly; a low-alloy steel containing chromium and 
aluminium is an example of a material which has been developed 
for resistance to nitrate cracking 

Copper alloys and nickel alloys were briefly mentioned, 
particularly to stress the point that increased corrosion can 
occur if a weld metal less noble than (i.e. anodic to) the parent 
metal is used 

Austenitic steels were discussed in greater detail, the well- 
known ‘weld decay’ effect being described together with more 
recent difficulties such as ‘nicking’ attack in certain corrodents. 

In answer to questions, the lecturer said that it was always 
preferable, and sometimes essential, to use weld metal of the 
same type as the parent metal. It is not possible to regard a heat- 
treated unstabilized austenitic steel as equivalent to a stabilized 
steel, because of the difficulty of heat-treating large welded 
structures. The extra-low carbon steels are an alternative solu- 
tion to that of stabilizing additions, but in this country they are 
considerably more expensive. Titanium-stabilized austenitic 
Steel is cheaper than that stabilized with niobium, and is there- 
fore preferred for all applications except those where the 
niobium-stabilized material is clearly superior: these are (a) for 
castings, (b) for metal-arc welding electrodes, and (c) for a 
limited number of corrosion-resisting duties 

Finally, Dr. Moore said that, in his experience, 
corrosion cracking of austenitic steels in chloride solutions did 
not occur below about 60 C, though above that temperature 
small concentrations of chloride were sufficient to promote 
cracking B.T. 


stress- 


CONTRIBUTORS TO THE JOURNAL 


E. V. Beatson, Chief Welding Engineer, Joseph Lucas 
Ltd., Birmingham, was educated at Bishop Cotton School, 
Simla, India, and continued his technical education at Queen 
Mary College, University of London. In 1932 he was awarded 
an honours degree, B.Sc. (Eng.) in Electrical Engineering. 

From 1933 to 1935 he was a post-graduate apprentice at the 
General Electric Company Ltd., Witton, Birmingham. In 1936 
he joined Siemens-Schuckert (G.B.) Ltd., London, as a welding 
engineer and was later appointed chief welding engineer. He 
relinquished this appointment in 1943 to join Joseph Lucas 
Lid 

Mr. Beatson is a Member of Council of the Institute of 
Welding, and is the author of /ndustrial Brazing and several 
papers on welding and brazing 





E. V. Beatson 


S. Cooper 
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N. A. Deighton M.R. Horne 


S. Cooper, at present Special Projects Assistant to the 
Managing Director of J. and H. McLaren Ltd. of Leeds, was 
educated at Stretford Grammar School, Salford Royal Technical 
School and Manchester College of Technology and served his 
apprenticeship at Metropolitan Vickers Ltd., Manchester, as a 
“School Apprentice”. Mr. Cooper has held senior appointments 
with the Ford Motor Co. Ltd. (Aero Engines), D. Napier and 
Sons Ltd., Crossley Motors Ltd., and was for three years 
Divisional Works Engineer with the North Western Division ol 
the Road Haulage Executive. He joined Specialloid Ltd. of 
Leeds becoming Technical Manager, leaving them to join his 
present firm in 1955 as Works Manager. He was appointed to 
his present position in mid-1957. 


N. A. Deighton, at present Chief Engineer (Sales) and Projects 
Engineer of J. and H. McLaren Ltd. of Leeds, commenced his 
apprenticeship with the Campbell Gas Engine Company fifty 
years ago. After five years in H.M. forces during the First World 
War he returned to this Company and eventually became a 
designer on oil engines. A further three years spent on similar 
work at Low Moor Ironworks was followed by joining J. and 
H. McLaren Ltd., Leeds, as Chief Diesel Engine Draughtsman 
He subsequently took on the position of Works Manager and 
later Chief Engineer. As a result of his specialized knowledge of 
diesel engine applications he was appointed to his present 
position two years ago 


Dr. M. R. Horne is a Fellow of St. John’s College, and a 
Lecturer at the Department of Engineering in the University of 
Cambridge. He read Mechanical Sciences at Cambridge before 
taking employment in 1941 as an assistant engineer to the River 
Great Ouse Catchment Board. From 1945 to 1950 he was a 
Research Officer of the British Welding Research Association, 
and worked at Cambridge with Professor Baker on various 
problems in the plastic theory of structures, notably on the 
behaviour of compression members. From 1950 to 1956 Dr. 
Horne was an Assistant Director of Research at the Engineering 
Department, and is the co-author (with Professor J. F. Baker 
and Dr. J. Heyman) of Volume II of “The Steel Skeleton” 


NEWS FROM INDUSTRY 


New Inert-Gas-Shielded Welding Equipment 

New semi-automatic equipment for inert-gas welding, known 
as the ‘Lynx’, has been introduced by Quasi-Arc Ltd. Among 
the new features are the following: 


(a) A welding rectifier which is self-contained, having control of 
all the services required for the process—welding current, 
wire feed, gas flow, and water cooling. 

(b) A light and portable wire feed and control unit which the 
welder, unaided, can readily re-position around large 
fabrications, and which he can easily part into two assemb- 
lies for carrying over longer distances (weight 40 Ib.). 

(c) Motorized remote wire-feed speed control. 

(d) A choice of water-cooled or air-cooled guns which are 
readily interchangeable without any modification of the 
equipment. ' 

The welding rectifier is a specially developed power source 
for this process, and consists essentially of a combined trans- 
former and selenium plate metal rectifier. The maximum voltage 
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to earth at any point in the control panel is only 55 V, operating 
power being supplied from a centre-tapped 110-V transformer 
The wire-feed control unit embodies a totally enclosed spindle 
assembly for the wire reel, the feed rolls, and the wire-feed 
motor ; the wire-feed speed range is 60-600 in./min. The machine 
can be used with a water-cooled gun for currents up to 600 A, 
or with an air-cooled gun for currents up to 300 A (250 A 
continuous). The water-cooled gun incorporates a water-supply 
failure device 

Welding speeds with this equipment are high; in aluminium, 
using yy-in. dia. wire with a current of 245 A, a }-in. horizontal- 
vertical fillet weld can be deposited at an overall welding speed 
of 18 in./min. The same size of weld is deposited at 15 in./min 
On corrosion-resisting steels and on mild steel 


Cambridge Course in Structures and Materials 

Particular emphasis on welding as a method of fabrication 
will be a feature of the 1958—59 post-graduate course in Theory 
of Structures and Strength of Materials at Cambridge University 
The principal subject of this will be the latest advances made in 
the understanding of the behaviour of metallic structures under 
static, fatigue loading: present-day practice in 
design, and possible future developments, will form the subject 
of critical study 


repeated, ofr 


The course aims to help engineers to apply the latest advances 
in knowledge. It will include lectures, colloquia and laboratory 
work, and each student will be encouraged to make a detailed 
study of some problem of particular interest to him 

with industrial 
suitable qualifications. Further 
details and application forms (to be returned by 31st May) may 


The course is graduates 


yen to 


experience, and to others with 


niversity 


be obtained from the Secretary, Cambridge University Engi- 
neering Laboratory, Trumpingt Street, Cambridge 

STUB ENDS 
P Price increases in certain ‘Sifbr products have been 
announced by Suffoik Iron Fo (1920) Ltd., namely, 


luxes. There has been 
vised price list may be 


iluminium, steel and iron rods, and 
no increase in the price of bronzes. The 
obtained from the company 
>» This year’s conference of engineers responsible for standards, 
ranged by the B.S.I. and the I.P.E., will be held at the Con- 
1ught Rooms in London on 21st May, and will be opened by 
he Parliamentary Secretary to the Board of Trade, Mr. Erroll 
One of the main topics will be the inch-metric problem, from the 
tandpoint of Britain’s position as an exporter to both inch and 
netric Countries 
>» Among the exhibits of Edwards High Vacuum Ltd. at the 
Physical Society Exhibition in March were a new high-sensitivity 


ik detector, capable of detecting a leak as small as 1/50 oz 
% hyd per year, a new vacuum-fusion gas extraction and 
ina S$ equipment, and rotary mechanical pumps in which 
} ning is obtained without sacrifice in high-vacuum 
* nee 
>| idiological inspection service operated by the X-ray 


D n of Palmer Aero Products Ltd. for the aircraft, welding, 
\ ; 


ry, and associated industries, has been considerably 

led as a result of the expansion and re-equipment of thei 

I House at Penfold Street, London N.W.8. Inspection by 
iys (3 in. maximum steel penetration), gamma-rays, and 


metic and 


fluorescent crack-detecting processes, will be 
le for castings and weldments up to one ton 
> The latest addition to the range of industrial X-ray equipment 
f Marconi Instruments Ltd., St. Albans, is the type “TF 1597’, 
1 110 KVA apparatus designed for 200-250 V a.c. operation 
Each of the basic three units—h.t. yenerator, control unit, and 
ibehead—is portable, and the method of mounting them 
lepends on individual requirements 
> A new single-phase induction motor has been introduced by 
Newman Industries Ltd., Bristol. This is a drip-proof, enclosed, 
capacitor-start, induction-run machine, and the use of con- 
densers concealed in the motor feet have made possible a 
compact and easily cleaned design. 
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2nd April—instirure oF Wetpinc, Manchester Branch 
Annual General Meeting, and Film by the United Kingdom 
Atomic Energy Authority—Reynolds Hall, College of 
Technology, Manchester, 7.15 p.m. 
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2nd April—INnstiruTe OF WeLpiInGc, North-Eastern (Tees-side) 
Branch—Annual General Meeting—Cleveland Scientific and 
Technical Institution, Corporation Road, Middlesbrough, 
7.30 p.m 

8th April—Instirure oF Wetpinc, East Midlands Branch 
A.G.M. and Film Show—-Victoria Station Hotel, Nottingham, 
7.15 p.m 

9th April—INstiruTE OF WetpING, North London Branch, 


Slough Section—A.G.M. and “Unusual Resistance Welding 
Applications”, by C. A. Burton—Community Centre, Slough, 
7.00 for 7.30 p.m 


10th April—InstiruTe OF WELDING, North Eastern (Tyne-side) 
Branch—“‘Welding of Power Piping” by W. L. Roe—Mining 
Institute, Neville Hall, Newcastle-upon-Tyne, 7.00 p.m 


10th April—InstiruTe OF WeLpInG, South London Branch 
Annual General Meeting and Film Show—Institute of 
Welding, 6.30 p.m. 

10th April—INstiruTE OF WeLDING, Leeds Branch—Annual 


General Meeting, Film and Lecture—Great Northern Hotel, 
Leeds, 7.30 p.m 
lith April 


Annual 


INSTITUTE OF WELDING, 
General Meeting, 7.30 


Branch 
Frequency 


Birmingham 
p.m., “High 


Induction Heating”, by K. A. Zandstra, 8.00 p.m.—-Grand 
Hotel, Birmingham. 

14th April—INstirute OF WELDING, Sheffield Branch—Annual 
General Meeting—Grand Hotel, Sheffield, 7.15 p.m 

15th April—INstiruTe OF WELDING, South Western Branch 


Annual General Meeting, and Film Show “The Le Mans 
Race, 1957"°—Radiant House, Bristol 


15th April—INnstiruTe OF WELDING, Liverpool Branch 
General Meeting and Film Show—College of 
Byrom Street, Liverpool, 7.15 p.m 

16th April—INstiruTe OF WELDING, West of Scotland Branch 
Annual General Meeting and Film Show 


16th April—INsTiTruTE oF South 
Medway Section General Meeting 
7.15 for 7.30 p.m 

16th April—INstiruTE OF WELDING, North London Branch 
Annual General Meeting and Technical Film Show—Institute 
of Welding, 7.30 p.m. 

17th April—InstrruTE OF WELDING, Southampton Branch 
Annual General Meeting and Technical Films—Southampton 
Technical College, 7.00 p.m 

23rd April—INstIruTE OF WELDING, Liverpool Branch—Works 
Visit—Pilkingtons Glass Works, St. Helens, 2.30 p.m. Meet 
at Education Dept., Bold Street, St. Helens 


Ist May—InstrruTe oF MeTALs—Symposium on “Advances in 
Inspection Techniques as Aids to Process Control in Non- 
Ferrous Metals Production’ —Church House, Westminster, 
9.30 a.m. 


Annual 
Technology, 


Branch, 
Hotel, 


London 
Sun 


WELDING, 
Annual 





CLASSIFIED ADVERTISEMENTS 
Situations Vacant 


A firm of East Midlands engineers developing a heavy welding 
department wish to engage (on a staff basis) a practical man to act 
as Instructor. Experience of welding and testing high-quality fabri- 
cations essential. Assistance with housing. Box No. 217 


Technical Instructor (Blacksmith and Welder) required by the Govern- 
ment of the Northern Region of Nigeria Education Dept. for two 
tours of 18-24 months or three tours of 10-12 months either (1) with 
prospect of permanency or (2) on contract with resettlement grant 
at rate of £100/£150 a year. Salary scale (including Inducement 
Addition) for (1) £750 rising to £1284 a year and for (2) £810 rising to 
£1386 a year. Commencing salary according to age and experience 

Clothing allowance £45. Free passages for officer and wife. Assistance 
towards cost of children’s passages and grant up to £288 annually 

Liberal leave on full salary. Candidates between 25 and 35 years of 
age must have served a full apprenticeship, be experienced practical 
tradesmen, and hold a C. & G. Final Certificate. They should have had 
previous teaching/instructing experience and/or direct experience ot 
apprentice training. Write to the Crown Agents, 4 Millbank, London, 
S.W.1. State age, name in block letters, full qualifications and experi- 
ence, and quote M2A/42483/BBD 
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WELDING LITERATURE 





Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


THis SECTION is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the main 
articles in welding journals are listed, and reprints from other 
journals and short notes are generally excluded. In addition, 
welding articles from other periodicals are listed. Abstracts of 
welding literature are given in the Bibliographical Bulletin of 
Welding and Allied Processes. published by the International 
Institute of Welding, and details of this may be obtained from 
the Secretary of the Institute of Welding. 


Canadian Welder, 1957, vol. 48, December 
Profits from Scrap (brazing techniques), E. H. Conway. (14-16.) 
Welder Training at the Ontario Training Centre. (18—19.) 
Production Brazing. (20—21.) 


Canadian Welder, 1958, vol. 49, January 
Design for Welding, H. J. Nichols. (12-14.) 
Welding in Pipe Fabrication. (16—17.) 

Welding in the U.S.S.R., R. Sobotka. (18-20.) 


Industry and Welding (U.S.A.), 1958, vol. 31, February 


6 Steps for Dip Brazing Aluminum Assemblies, J. W. Maston. 
(38-39, 60.) 


Titanium for Missile Applications, B. | 
Handova. (40-41, 89-90.) 


Why Japanese Ships are All-Weided. (45, 61.) 
Ultrasonic Welding, without Fusion. (54-57.) 


Baird, and C. W. 


Journal of the Japan Welding Society, 1957 
December 


, vol. 26, 


Welding Qualifications for Non-Ferrous Metals. (730—734.) 
Construction of Penstocks in France, Pt. 4, T. Yoshida. (735 
741.) 

Thermal Time Constant of Resistance Spot Welding, K. Ando 
and T. Nakamura. (742-746.) 

Solid-phase Welding, using Powder as a Medium, Y. Ishii. 
(747-751.) 

Cooling Curve, Microstructure, and Hardness in Weld Heat- 
affected Zone of High-Tensile Steel, Pt. 1, H. Sekiguchi, M. 
Inagaki, and M. Sato. (752-757.) 

Low-temperature Brittleness of Iron Crystals, M. Watanabe 
and others. (758-763.) 
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Hard Surfacing Properties, K. Ishizaki and M. Uemura 
(764-770.) 
Oerlikon Schweissmitteilungen (Switzerland), 1958. 


vol. 16, No. 29 
Observations on the Question of Preheating and Stress Relief 
of Welds, K. L. Zeyen. (5-8.) 


Progress and Developments in the Metallurgy of Ferrous 
Welding (review, 4th instalment, covering 1955-57, with 533 
refs.). K. L. Zeyen. (9-108.) 


Przeglad Spawalnictwa (Poland), 1957, vol. 9, Decem- 
ber 
Pressure Welding of Iron and Steel in Past Centuries, J 
Piaskowski. 
Building-Up of Cold Working Tools, J. Wegrzyn. 
Electrodes and Welding Fluxes Produced at the Gliwice Weld- 
ing Institute, J. Wegrzyn 


Przeglad Spawalnictwa (Poland), 1958, 


January 


vol. 10, 
Arc Welding of Aluminium with Coated Electrodes, S. Brys 


Metal Spraying Applications as a means of Reducing Produc- 
tion Costs, T. Drazkiewicz 


Building-Up of Crane Wheels by Automatic Submerged-Arc 
Welding, A. Bohdanowicz and A. Dziubirski 


Przeglad Spawalnictwa (Poland), 1958, vol. 10, February 
Hard-Surfacing in Metallurgical Technology, B. Zorkoczy. 
Repairs by Welding in lron Works, W. Gilde 


Angular Distortion of Flanges in Welded H-Beams, H. 
Baniszewski. 


Schweisstechnik (East Germany), 1957, vol. 7, Decem- 


ber 
Increasing the Mechanization and Automation of Welding in 
Shipbuilding, W. Giinther. (427-432.) 


Development and Application of Gouging and Cutting using the 
Electric Arc and Compressed Air, G. Tybus. (432-436.) 


Testing Weldability of Thin Sheet by Deformation Test, 
K. Beer and W. Gilde. (436-438.) 


Calculation of Fillet Welds subject to Torsional Loading, 
J. Augustyn. (439-440.) 


Welding in Yugoslavia, A. Neumann. (443-445.) 


Shielded-Arc Welding to Repair Piping Defects in Foundries, 
A. Rost, M. Heinecke, and H. Walther. (446-448.) 
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Schweisstechnik (East Germany), 1958, vol. 8, January 


Present State of Welding in Shipyards, A. Fichte. (6-10.) 


Centralized Production of Welded I-Sections, A. Kasimirow. 
(10-14.) 


Cooling Speed in Open-Arc Welding, A. Havalda. (15-18.) 


The Welder, 1957, vol. 26, Oct.—Dec. 
Tanker Vehicles of Welded Construction. (86—89.) 
A Guide to Nuclear Power, Pt. 1, W. D. Biggs. (90--93.) 


Welding in the Construction of High-Vacuum Equipment. 
(94-98.) 


Welding Steam Generator Pipes at Marchwood Power Station, 
J. W. Kocaba. (99-102.) 


Welding Journal (U.S.A.), 1958, vol. 37, February 
Performance of Welds in some Aluminum Alloys, P. B. Dicker- 
son. (107-113.) 

Metal Spraying in Inert Atmospheres, R. I 
Martin, and C. B. Voldrich. (114—119.) 
Uses of Oxygen and Acetylene Gases in the Refrigerator 
Industry, P. Bowman. (120—123.) 

Revised Welding Practices Pay Off in the Jet-Engine Industry, 
F. J. Bacon. (124—126.) 

Filler Metal Comparison Charts, (AWS AS5.0-57). (128-135. 
Development of Filler Wires for Welding SAE 4130, 4140, 
and 4340 Steels, H. W. Mishler, R. P. Sopher, and P. J 
Rieppel. (41s—48s.) 

High-vacuum Electron-beam Fusion Welding, W. | 
(49s—53s.) 

Fatigue Failures in Fatigue Machines, W. H. Munse. (54s—56s.) 
A High-speed Dilatometer Designed for Welding Research, 
E. C, Nelson. (57s—6l1s.) 

The Nature of High-temperature Brazing Alloy-Base Metal 
Interface Reactions, W. Feduska. (62s-73s.) 


Monroe, D. C 


Wyman. 


Welding and Metal Fabrication, 1958, vol. 26, February 
Welding of the Vickers Viscount. (40—45.) 


Flux-Free Brazing in Reducing Atmospheres, N. H. Jones. (46 
52.) 


Fabricated Hangar Doors. (53-55.) 


Inert-Gas Tungsten-Arc Welding of SAF.4130 Steel Sheet, 
Pt. 4, C. A. Terry and W. T. Tyler. (58-61.) 


Selection and Welding of Thick Plate for Nuclear Power 
Applications, A. S. Ailes and W. I. Pumphrey. (62-66.) 


Zeitschrift fiir Schweisstechnik 
vol. 48, February 


(Switzerland), 1958, 


Measurements of Wetting Temperature in Braze Welding, 
*. 2, J. Colbus. (36-45.) 


Draft Standard for Spot Welding Aluminium: Design (con- 
tinued). (46—51.) 


7 yaranie (Czechoslovakia), 1957, vol. 6, November 
Research at the Soviet Research Institutes, B. Zitnansky. 
(324-326.) 

Friction-Pressure Welding, B. Vrana. (327-329.) 


New Welding Equipment in the U.S.S.R., A. Havalda. (330- 
331.) 


Review of Soviet Welding Literature. (331—336.) 


Argon-shielded Consumable-electrode Welding of Corrosion- 
resisting Steel, J. Némec. (337-342.) 


PERIODICALS RECEIVED 


Zvaranie (Czechoslovakia), 1957, vol. 6, December 
Gases in Weld Metal, M. Sicha. (358-363.) 
Spectrographic Semi-Microanalysis of Welded Joints, M 
Sivacek. (364-366.) 
Influence of Welding on Respiratory Tracts, J. Velvart and 
L. Makovicka. (366-268.) 


Zvaranie (Czechoslovakia), 1958, vol. 7, January 


Automatic Welding of Low-Alloy Steel under Flux, J. Zeke 
(2-8.) 


Weldability of 3°, Ni-Cr-Mo High-carbon Steels, V 
(8-15.) 
Collapse of Welded Bridges in Belgium. (15—18.) 


Welding of Engine Frames in the CKD Works, R. Krnak. 
(19-23.) 


Pilous. 


Other Journals 


Electronic Controls for Resistance Welding Machines, K. 
Infanger and H. Meyer. (Brown Boveri Review (Switzerland) 
(in English), 1957, vol. 44, Sept., pp. 389-395.) 
The Use of Welding in Track Maintenance, E. A. Whitelock. 
(Engineer and Foundryman (S. Africa), 1957, vol. 22, August, 
pp. 50-55.) 
Joining and Fastening Plastics, M. W. Riley. (Materials in 
Design Engineering (U.S.A.), 1958, vol. 47, Jan., pp. 129-146.) 
Protection against Radiation in ‘Sigma’ Welding, E. P. Ver- 
haagen and K. K. Zwart. (Smit Mededelingen (Holland), 1957, 
vol. 12, Oct.—Dec., pp. 131-136.) 
Loading in the Central Power Transformer of a Multiple-Arc 
Welding Plant, J. Wildeboer. (Smit Mededelingen (Holland), 
1957, vol. 12, Oct.—Dec., pp. 149-155.) 
Cold Retort Furnace Brazes High-Temperature Honeycomb, 
R. R. Giler. (/ron Age (U.S.A.), 1958, vol. 181, Jan. 16, 
pp.74-75.) 
Metal Finish Seam Welding, M. L. Begeman and W. J. Allen. 
(Machine Production, 1957, vol. 16, December, pp. 42-59.) 
Paste Filler Metal Gives Dip Brazing a Boost, A. M. Stepane. 
(Iron Age (U.S.A.), 1957, vol. 180, September 12, pp. 136 
138.) 
Iron Powders for Iron Powder Electrodes, Pt. 2, D. L. Mathias. 
(Canadian Welder, 1957, vol. 48, September, pp. 12-14, 34 
35.) 
Conference on Application of Low-Alloy Steels for Welded 
Pressure Vessels. ( West of Scotland Iron and Steel Inst. Journal, 
1956-57, vol. 64.) 
Some Principles of Design for Pressure Vessels and Boilers 
made of Low-Alloy Steel, W. P. Kerkhof. (3-18.) 
The Welding of Large Pressure Vessels in Low-Alloy Steels, 
H. Harris. (19-44.) 
A Low-Alloy Quenched and Tempered Steel for Pressure 
Vessels, J. M. Hodge and L. C. Bibber. (45-85.) 
Development of a Mn-Cr-Mo-V High-Tensile Weldable 
Steel for Pressure Vessels, W. Barr and M. Mackenzie. 
(86—109.) 
Properties of Molybdenum—Boron High-Tensile Steels, L. 
Reeve. (110—123.) 
Important Considerations for the Welding of Chromium 
Molybdenum Steels, O. R. Carpenter and C. Floyd. (124 
156.) 
Discussion. (157-210.) 
The Fabrication of Paper-Mill Plant by Welding and Brazing. 
(Sheet Metal Industries, 1957, vol. 34, October, pp. 752-753.) 
Developments in Road Transport Engineering in New Zealand, 
Pt. 2, W. R. Law. (New Zealand Engineering, 1957, vol. 12, 
August, pp. 281-285.) 





BRITISH WELDING JOURNAL 


APRIL, 1958 





Safety, fast and last! 


Those are the three virtues you'll find in a Norton BD Reinforced Wheel. Safety in the double 


reinforcement—a strong integral fabric, and a tough safety web moulded into the hub side. 
Fast clean cutting without spalling or loading. Lasting quality that gives the maximum work 
per wheel. 

Use Norton BD Reinforced Wheels for cutting down, cleaning up and bevelling, 

rough grinding and finish grinding on welds. These versatile wheels last 

longer, cut faster, provide the greatest safety. Ask your Norton or Alfred 


Herbert representative about them—or write to us at Welwyn Garden City. 


NORTON ABRASIVES NORTON GRINDING WHEEL CO. LTD. 
Welwyn Garden City, Herts. Tel.: Welwyn Garden 4501 (10 lines) 
Enquiries als) to: ALFRED HERBERT LTD., COVENTRY 


NORTON and BEHR-MANNING /actories also in Argentina, Austraka, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


NGW 80/135 
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At least, that’s how Dad sees him, because 
Dad’s a welder himself and wants young 
John to follow that craft when he grows up. 
So though he doesn’t realise it now, young 
John is on to a good thing. He'll get the 
benefit of Dad’s experience. And one thing 
he’s sure to be told is to use S.I.F. products 
in every welding job he does. “There’s 
nothing to beat ’em,” says Dad. “There’s 
thirty-one different rods in the S.I.F. range 
and each one is a winner.” 


You can find out about the S.LF. range by 
writing to 


SUFFOLK IRON FOUNDRY (1920) LTD., 
STOWMARKET, SUFFOLK 




















To Photographic and Radiological Departments: 


A new PURHYPO 


Silver Recovery Unit 


PURHYPO - for many years recognised as the simplest 
method of regeneration of the photographic fixer and 
recovery of silver - now comprises a new and simpler 


equipment. 
* recovers the silver 


Just fix the rectifier unit on a wall conveniently near the fixing tank, : 
’ ¥ saves fixer 


and suspend the electrode assembly in your tank. If fixing space is too 
small, the electrodes can be fitted after working hours, or in a separate * improves fixing time 
reserve tank to which exhausted hypo is transferred for regeneration. 

The deposit on the stainless steel strips of the cathode can be easily 


removed in the form of flakes of pure metallic silver. 


Sole Agents for British Commonwealth: 


D. PENNELLIER & COMPANY 
LIMITED 


28 HATTON GARDEN, LONDON, E.C.1 
Telephone: HOLborn 4064 CHAncery 4681/2 
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This press is equipped with two independently 
operated rams and tables which can be linked to 
the main table when required. Hugh Smith 
hydraulic presses offer higher performance with 
greater reliability and more modern design. 

Four-column presses are built to customer’s 
exact requirements regarding power and capacity 
and by combining the advantages of self-contained 
electro-hydraulic equipment with specialised 
press design, an extremely useful machine is 
produced. 


HUGH SMITH & CO. (Possit) itp. 
HAMILTONHILL ROAD, GLASGOW, N.2 
Telephone: POSSIL 8201/3 Telegrams: ‘‘POSSIL, GLASGOW”’ 


Hugh Smith ware established in 1875 and have no connection with any other company. 
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For increased efficiency.... 


Lex 
put it oh X Castors 


‘Putting it on castors’ is certainly the way to speed 
things up, and to an amazing extent when the right 
castors are used for the job. The varied uses of Flexello 
castors are virtually limitless. They are used in nur- 
series and steel mills, aircraft plants and beauty par- 
lours. Flexello has the range, the service and facilities 
to make castors the true servant of the production 
manager, the hospital matron, the restaurant mana- 
ger or the storekeeper. Closest inspection, superior 
design and up-to-date production methods have made 
Flexello the largest 
castor manufac- 
turer in Europe. 


Only a very small section 
of our range is shown 
here. Please send for 
catalogue No. 156BWJ 
or a technical represent- 
ative for industrial advice. 





CONSTANT QUALITY 





gerne, 
3 CASTORS 
> MECHANICAL HANDLING 
EXHIBITION (MAY 7-17) 
STAND 204 











~ 4 PLEXELLO CASTORS & WHEELS Ltd. SLOUGH, BUCKS. Tel. Slough 2412! 





Lloyds Class 1 Fusion Welding—Robey 
welding—is exhaustively tested at every stage— 
in the laboratory, by X-ray, by rigid stage- 
by-stage inspection, by hydraulic and other 
methods. The keynote is safety, but this is just 


one aspect of our welded work. Delivery- 





on-time is another. Competitive pricing a 
third. And, not least, exact fulfilment of 


specifications. , 


Things like this are taken for granted at 
Robey’s—but they make a lot of 


difference for our many customers. 








Robey & Co. Ltd. Lincoln London office: 11 Princes Street, Hanover Sq., London, W.I 
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Zeta, with inset showing BTH ‘clamping’ igmtron 


IGNITRONS 








IN ZETA, BTH Ignitrons are employed as 
electronic switches for ‘discharge’ and ‘clamping’ 
duties, and perform vital tasks where precise 
timing and complete reliability are essential. 


BTH Ignitrons for industrial applications, such 
as resistance welding control and power recti- 
fication, are manufactured to the same exacting 
standards. The Company offers the widest 
Specially developed for the project, these ignitrons range of ignitrons in the United Kingdom and 
carry peak currents in excess of 20,000 amperes 


in the 25,000-volt power circuit 


all these are interchangeable with corresponding 
American types. 


WRITE FOR LEAFLET DL.5851-8 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - LINCOLN - ENGLAND 


an A.E.1. Company As2s8 
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What’s cooking? 


As far as Crompton Parkinson stud welding 
is concerned, plenty! Consider stud welding 
in relation to the Jones family, for 
example. It has helped in the manufacture 
and very possibly in the design—of their 
cooker, refrigerator, sink unit, water 
softener, washing machine, and even of 
their coffee percolator. 

Keeping up with the Jones’s by speeding 
production and cutting costs is something 
that concerns every industry. If your 
company uses metals and is anxious to 

do a good job better, have a word with 
Crompton Parkinson about stud welding. 
Time and again it has proved to be the 
recipe for simplifying designs and 
increasing productivity. 


— 


STUD WELDING vy, 
STEPS UP PRODUCTION 





(rompton Parkinson 
(STUD WELDING) LIMITED 





1—3, BRIXTON ROAD, LONDON, 8.W.9 Telephone: Reliance 7676 


Published by Tue Insrirt 
Made and Printed by Pe 
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PHILIPS 


Ay 


Reduced operator fatigue 
Controls conveniently grouped 
For one or two gun operation 


Standard components 
interchangeable with Philips 
spot/projection welders 


METAL PROCESSING DEPARTMENT 


PHILIPS ELECTRICAL LTD 


INDUSTRIAL PRODUCTS DIVISION 














Transformer Assembly 
Rated at 30, 40 or 60kVA 
each available for one or 

two gun operation. 
Multi-position tap-link 

panel for wide range 

of heat control. Fully 
water-cooled and tropicalized. 


Contactor/Timer 
Unit — for wo 
mounting. Ignitron 
contactor and four 
function timer for 
automatic control of 
complete welding 
sequence. Available 
with duplicote timers 
for independent doubie 
gun operation. Size 
30” x 30” x 10” dee; 


In this new Philips equipment, the weight ot 
the transformer assembly has been reduced 
by the use of a wall-mounted, ignitron 
contactor timer unit. The transformer — 
which can be suspended from an overhead 
trolley or rail — is designed primarily for use 
with Philips air-operated, single-acting spring 
return guns, or double-acting air return type. 
The equipment has applications wherever 
spot welding assemblies are too large to be 
accommodated in pedestal type machines. 


Write for leaflet P1.4869 which gives full technical details 


Century House - Shaftesbury Avenue + London - W.C.2 


PIO23> 


inside bock cover 





R BRITISH iIiNnDUS TRY 


Always ask for 


“ALDA" 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
the famous range ot rods 

and fluxes. And a complete range 

of welding accessories— 

from goggies and gloves 

to friction lighters and wire brushes. 

ALWAYS ASK FOR ALDA. 


Write tor tully illustrated literature. 


BRITIsSHuo OXYGEN 


British Oxygen Gases Ltd., industria! Division, Spencer House, 27 St James's Place, London, S.W.1. 


Outside back cover 





